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Description 



Title of the Invention 

Electronic Part and Electronic Equipment with Electronic 
Part 

Technical Field 

The present invention relates to an electronic part, 
and electronic equipment provided with this electronic part . 

Background Art 

Hereinafter, a conventional electronic part will be 
described. 

In the prior art, a surface acoustic-wave device 
(hereinafter, referred to as the "SAW device") is described 
as an example of an electronic part . 

In recent years, a small and light SAW device is 
prevalently used for electronic equipment, such as various 
types of mobile communication terminal equipment . Especially, 
in a radio circuit section of a mobile-phone system within 
a band of 800 MHz to 2 GHz, an SAW filter has been widely 
used. Such an SAW filter is formed by a lithium- tantalate 
(hereinafter, referred to as the "LT") substrate which is 
cut out of a Y-sheet at a cutout angle of 36° as its rotational 
angle around the X-axis in the Z-axis direction, or a so-called 
36° Y-cut X-propagation LT (hereinafter, referred to as the 
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"36 YLT") substrate. However, depending upon a place at which 
a filter is used in a mobile-phone system or its radio circuit 
section, filter characteristics are required, such as a small 
insertion loss within a further passing band and a steep 
skirt property of the filter, as well as a high suppression 
level within a block band. In order to meet such demands, 
there is a method in which an LT substrate is used that is 
cut out of a Y-sheet at a cutout angle of 42° as its rotational 
angle around the X-axis in the Z-axis direction, or a so-called 
42° Y-cut X-propagation LT (hereinafter, referred to as the 
"42° YLT") substrate is used. According to this method, an 
SAW filter can be realized which has a smaller loss and a 
steeper filter skirt property than those of the conventional 
36° YLT substrate. Such a method is described in Japanese 
Patent Laid-Open No. 9-167936 specification. 

However, similarly to the conventional 36 ° YLT 
substrate, such a 42 ° YLT substrate has a great 
thermal-expansion coefficient in the direction where a surface 
acoustic wave is propagated. Beside, the elastic constant 
itself varies according to the temperature. Thereby, the 
frequency characteristics of a filter may also be largely 
shifted by approximately "35 ppm/° K according to a change 
in the temperature. This is disadvantageous in temperature 
characteristics. For example, taking a PCS transmission filter 
from the United States into account, its center frequency 
of 1.88 GHz at the room temperature changes by about ±3.3 
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MHz or some 6.6 MHz within an range of iSO'C. In the case 
of the PCS, there is an interval of only 20 MHz between its 
transmission band and reception band . Hence , also considering 
the dispersion of frequencies in its production, in practice, 
the transmission and reception interval is only substantially 
10 MHz for the filter. Thus, for example, if the transmission 
band is desired to be secured over the entire temperature 
(i.e. , within the whole range of ± 50*C at the room temperature ) , 
an adequate attenuation value cannot be obtained on the 
reception side. 

Disclosure of the Invention 

In order to resolve the above described conventional 
disadvantages, it is an object of the present invention to 
obtain an electronic part which is excellent in temperature 
characteristics and electrical properties by forming a 
protective film on an electrode ^ 

In order to attain the above described object, a first 
aspect of the present invention is an electronic part, and 
in a protective film which has an uneven shape at its top 
surface that is provided in the electronic part, if a height 
from the surface of the substrate which is in contact with 
the protective film to a top part of a convex portion of 
the protective film is t, a height from the surface of the 
substrate which is in contact with the protective film to 
a bottom part of a concave portion of the protective film 
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is tl, a height {t"tl) from the top part of the convex portion 
of the protective film to the bottom part of the concave 
portion of the protective film is t2, a pitch width of one 
pitch in the uneven shape of the protective film is L, a 
width of one pitch of the convex portion of an unevenness 
in the uneven shape of the protective film is LI, a width 
of one pitch of the concave portion is L2, a pitch width 
of one pitch of the comb- type electrode is p, a width of 
one of electrode fingers which form the comb- type electrode 
is pi, a width between the electrode fingers is p2, and a 
film thickness of the comb-type electrode is h, that satisfies , 
t2^h 

(herein, correlations of L^p, pl+p2=p, L1+L2=L, Ll^pl and 
L2^p2 are satisfied). Therefore, the shape of a protective 
film on an electrode produces less effect, and an unnecessary 
SAW is restrained from being reflected. As a result, even 
if the protective film is formed to cover the electrode and 
there is an uneven shape on its surface, then there is an 
advantage in that an electronic part which has good 
characteristics can be obtained. 

Furthermore, a second aspect of the present invention 
is an electronic part, and in a protective film which has 
an uneven shape at its top surface that is provided in the 
electronic part, if a height from the surface of the substrate 
which is in contact with the protective film to a top part 
of a convex portion of the protective film is t, a height 
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from the surface of the substrate which is in contact with 
the protective film to a bottom part of a concave portion 
of the protective film is tl, a height (t-tl) from the top 
part of the convex portion of the protective film to the 
bottom part of the concave portion of the protective film 
is t2, a pitch width of one pitch in the uneven shape of 
the protective film is L, a width of one pitch of the convex 
portion of an unevenness in the uneven shape of the protective 
film is LI, a width of one pitch of the concave portion is 
L2, a pitch width of one pitch of the comb-type electrode 
is p^ a width of one of electrode fingers which form the 
comb-type electrode is pi, a width between the electrode 
fingers is p2 , and a film thickness of the comb-type electrode 
is h, that satisfies, 
h^t2 

(herein, correlations of L^p, pl+p2=p, L1+L2=L, Ll^pl and 
L2^p2 are satiisfied) . Therefore, even if the protective film 
is formed to cover the electrode, because a difference in 
the mass which is borne on a substrate is provided between 
the part of the electrode and the part between electrode 
fingers, the reflection coefficient of an SAW can be kept 
from being reduced at the end part of the electrode, or it 
can be improved. This presents an advantage in that an 
electronic part which is small and has good characteristics 
can be obtained. 

Moreover, a third aspect of the present invention is 
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an electronic part, and in a protective film which has a 
substantially-flat top surface that is provided in the 
electronic part , when a height from the surf ace of the substrate 
which is in contact with the protective film to the top surface 
of the protective film is t and a pitch width of one pitch 
of the comb- type electrode is p, if the substrate is a 
lithium- tantalate substrate and a cutout angle of the 
lithium- tantalate substrate is D° as a rotational angle 
thereof around an X-axis against a Z-axis direction, then 
the substrate is cut out of a Y-sheet at an angle which satisfies , 

38"* , and 

that satisfies, 

18%^t/(2Xp)^35%. 
This presents an advantage in that an electronic part whose 
temperature characteristic changes less and whose 
characteristics are good can be obtained. In order to. attain 
the above described object , in a first invention of the present 
invention and in a protective film which has an uneven shape 
at its top surface that is provided in an electronic part, 
if a height from the surface of the substrate which is in 
contact with the protective film to a part of a convex portion 
of the protective film is t, a height from the surface of 
the substrate which is in contact with the protective film 
to the bottom part of a concave portion of the protective 
film is tl, a height (t-tl) from the top part of the convex 
portion of the protective film to the bottom part of the 
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concave portion of the protective film is t2, the pitch width 
of one pitch in the uneven shape of the protective film is 
L, a width of one pitch of the convex portion of an unevenness 
in the uneven shape of the protective film is LI, a width 
of one pitch of the concave portion is L2, a pitch width 
of one pitch of the comb- type electrode is p, a width of 
one of electrode fingers which form the comb- type electrode 
is pi, a width between the electrode fingers is p2 , and a 
film thickness of the comb- type electrode is h , that satisfies , 
t2^h 

(herein, correlations of L^p, pl+p2=p, L1+L2=L, Ll^pl and 
L2^p2 are satisfied). Therefore, the shape of a protective 
film on an electrode produces less effect, and an unnecessary 
SAW is restrained from being reflected. As a result, even 
if the protective film is formed to cover the electrode and 
there is an uneven shape on its surface, then there is an 
advantage in that an electronic part which has good 
characteristics can be obtained. 

Furthermore, a fourth aspect of the present invention 
is an electronic part, and in a protective film which has 
an uneven shape at its top surface that is provided in the 
electronic part , if the height from the surface of the substrate 
which is in contact with the protective film a the top part 
of a convex portion of the protective film is t , a height 
from the surface of the substrate which is in contact with 
the protective film to a bottom part of a concave portion 
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of the protective film is tl, a height (t-tl) from the top 
part of the convex portion of the protective film to the 
bottom part of the concave portion of the protective film 
is t2, the pitch width of one pitch in the uneven shape of 
the protective film is L, a width of one pitch of the convex 
portion of an unevenness in the uneven shape of the protective 
film is LI, a width of one pitch of the concave portion is 
L2 , a pitch width of one pitch of the comb-type electrode 
is p, a width of one of electrode fingers which form the 
comb-type electrode is pi, a width between the electrode 
fingers is p2 , and a film thickness of the comb- type electrode 
is h, that satisfies, 
h^t2 

(herein, correlations of L^p, pl+p2=p, L1+L2=L, Ll^pl and 
L2^p2 are satisfied) . Therefore, even if the protective film 
is formed to cover the electrode, because a difference in 
the mass which is borne on a substrate is provided between 
the part of the electrode and the part between electrode 
fingers, the reflection coefficient of an SAW can be kept 
from being reduced at the end part of the electrode, or it 
can be improved. This presents an advantage in that an 
electronic part which is small and has good characteristics 
can be obtained. 

Moreover, a fifth aspect of the present invention is 
an electronic part, and in a protective film which has a 
substantially- flat top surface that is provided in the 
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electronic part , when a height from the surface of the substrate 
which Is In contact with the protective f.llm to the top surface 
of the protective film Is t and a pitch width of one pitch 
of the comb- type electrode Is p. If the substrate Is a 
lithium- tantalate substrate and a cutout angle of the 
lithium- tantalate substrate Is D*" as a rotational angle 
thereof around an X-axls against a Z-axls direction, then 
the substrate Is cut out of a Y-sheet at an angle which satisfies , 

SS"" ^d'' , and 
that satisfies, 

18%^t/(2Xp)^35%. 
This presents an advantage In that an electronic part whose 
temperature characteristic changes less and whose 
characteristics are good can be obtained. 

Furthermore, a sixth aspect of the present Invention 
Is an electronic part, and In a protective film which has 
an uneven shape at Its top surface that Is provided In the 
electronic part. If a height from the surface of the substrate 
which Is In contact with the protective film to the top part 
of a convex portion of the protective film Is t, a height 
from the surface of the substrate which Is In contact with 
the protective film to a bottom part of a concave portion 
of the protective film Is tl, a height (t-tl) from the top 
part of the convex portion of the protective film to the 
bottom part of the concave portion of the protective film 
Is t2, a pitch width of one pitch In the uneven shape of 
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the protective film is L, a width of one pitch of the convex 
portion of an unevenness in the uneven shape of the protective 
film is LI, a width of one pitch of the concave portion, is 
L2, a ratio (L-L2)/l of (L-L2) to the pitch width L is 7? ' , 
a height of the comb-type electrode is h, a pitch width of 
one pitch of the comb- type electrode is p^ a width of one 
of electrode fingers which form the comb-type electrode is 
pi, a width between the electrode fingers is p2, and a ratio 
pl/p of the width pi of the electrode finger to the pitch 
p of the comb-type electrode is 7}, that satisfies, 
h^t2 

(herein, correlations of 7? ' -0 . 3< 7? ^ 7? ' , L^p, pl+p2^p and 
Ll>pl are satisfied). Therefore, the shift of the physical 
SAW reflection surface at the end surface of the electrode 
finger from the physical reflection surface at the end part 
of the convex portion of the protective film can be kept 
within a certain range. Even if the protective film is formed 
to cover the electrode, because a certain or larger difference 
in level is provided between the top part of the convex portion 
of the protective film and the bottom part of the concave 
portion of the protective film, an adequate SAW reflection 
coefficient can be secured. This presents an advantage in 
that an electronic part which is smaller and has good 
performance can be obtained. 

Furthermore, a seventh aspect of the present invention 
is an electronic part, and in a protective film which has 
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an uneven shape at its top surface that is provided in the 
electronic part, if a height from the surface of the substrate 
which is in contact with the protective film to a top part 
of a convex portion of the protective film is t, a height 
from the surface of the substrate which is in contact with 
the protective film to a bottom part of a concave portion 
of the protective film is tl, a height (t-tl) from the top 
part of the convex portion of the protective film to the 
bottom part of the concave portion of the protective film 
is t2, a pitch width of one pitch in the uneven shape of 
the protective film is L, a width of one pitch of the top 
part of the convex portion of an unevenness in the uneven 
shape of the protective film is LI, a width of one pitch 
of the concave portion is L2 , a height of the comb- type electrode 
is h, a pitch width of one pitch of the comb- type electrode 
is p, a width of one of electrode fingers which form the 
comb-type electrode is pi, and a width between the electrode 
fingers is p2 , that satisfies, 
h^ t2 

(herein, correlations of L1+L2<L, L2<p2, Ll^pl, L%p and 
pl+p2^p are satisfied). Therefore, between the end part of 
the top part of the convex portion in the unevenness of the 
protective film and the end part of the bottom part of the 
concave portion, the height t2 from the top part of the convex 
portion of the protective film to the bottom part of the 
concave portion of the protective film can be gently changed. 
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Thereby, the effect of the unevenness of the protective film 
on the characteristics can be relieved. At the same time, 
a certain or larger difference in the mass which is borne 
on the substrate is provided at the part of the electrode 
finger and between the electrode fingers . Thus , the reflection 
coefficient of an SAW can be secured. Even if the protective 
film is formed to cover the electrode, there is an advantage 
in that an electronic part which is small and has good 
performance can be obtained. 

Furthermore, an eighth aspect of the present invention 
is an electronic part, and in a protective film which has 
an uneven shape at its top surface that is provided in the 
electronic part, if a height from the surface of the substrate 
which is in contact with the protective film to the top part 
of a convex portion of the protective film is t, a height 
from the surface of the substrate which is in contact with 
the protective film to a bottom part of a concave portion 
of the protective film is tl, a width (t-tl) from the top 
part of the convex portion of the protective film to the 
bottom part of the concave portion of the protective film 
is t2, a pitch width of one pitch in the uneven shape of 
the protective film is L, a width of one pitch of the convex 
portion of an unevenness in the uneven shape of the protective 
film is LI, a width of one pitch of the concave portion is 
L2, a ratio {L-L2)/l of {L-L2) to the pitch width L is 7} ' , 
a height of the comb-type electrode is h, a pitch width of 
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one pitch of the comb- type electrode is p, a width of one 
of electrode fingers which form the comb-type electrode is 
pi, a width between the electrode fingers is p2, and a ratio 
pl/p of the width pi of the electrode finger to the pitch 
p of the comb-type electrode is rj , that satisfies, 
0<t2<h 

(herein, correlations of 77 ' "0 . 3< 7? ^ 77 ' , L^p, pl+p2^p and 
Ll>pl are satisfied). Therefore, the shift of the electrical 
SAW reflection surface at the end surface of the electrode 
finger from the physical reflection surface at the end part 
of the convex portion of the protective film can be kept 
within a certain range . In addition , the level of the unevenness 
in the uneven shape of the protective film is set within 
a certain range. This restrains the shape of an Si02 film 
from affecting the propagation of an SAW. Even if the protective 
film is formed to cover the electrode, there is an advantage 
in that an electronic part which has good performance can 
be obtained. 

Furthermore, a ninth aspect of the present invention 
is an electronic part, and in a protective film which has 
an uneven shape at its top surface that is provided in the 
electronic part, if a height from the surface of the substrate 
which is in contact with the protective film to a top part 
of a convex portion of the protective film is t , a height 
from the surface of the substrate which is in contact with 
the protective film to a bottom part of a concave portion 
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of the protective film is tl, a width (t-tl) from the top 
part of the convex portion of the protective film to the 
bottom part of the concave portion of the protective film 
is t2, a pitch width of one pitch in the uneven shape of 
the protective film is L, a width of one pitch of the top 
part of the convex portion of an unevenness in the uneven 
shape of the protective film is LI, a width of one pitch 
of the concave portion is L2, a height of the electrode finger 
is h, a pitch width of one pitch of the comb-type electrode 
is p, a width of one of the electrode fingers which form 
the comb- type electrode is pi , and a width between the electrode 
fingers is p2 , that satisfies, 
0<t2<h 

(herein, correlations of L1+L2<L, L2<p2, Ll^pl, L=^p and 
pl+p2^p are satisfied). Therefore, between the top part of 
the convex portion and the end part of the bottom part of 
the concave portion in the uneven shape of the protective 
film, the level of the unevenness of the protective film 
is set within a certain range. In addition, the height t2 
from the top part of the convex portion of the protective 
film to the bottom part of the concave portion of the protective 
film can be gently changed. Thereby, the effect of the 
unevenness of the protective film on the characteristics 
can be relieved. Even if the protective film is formed to 
cover the electrode, there is an advantage in that an electronic 
part which has good performance can be obtained. 
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Furthermore, a tenth aspect of the present invention 
is an electronic part, and in a protective film which has 
an uneven shape at its top surface that is provided in the 
electronic part, if a pitch width of one pitch in the uneven 
shape of the protective film is L, a width of one pitch of 
a convex portion of an unevenness in the uneven shape of 
the protective film is LI, a width of one pitch of the concave 
portion is L2, a ratio (L-L2)/l of (L-L2) to the pitch width 
L is 77 ' , a pitch width of one pitch of the comb-type electrode 
is p, a width of one of electrode fingers which form the 
comb-type electrode is pi, a width between the electrode 
fingers is p2 , and a ratio pl/p of the width pi of the electrode 
finger to the pitch p of the comb- type electrode is T) , that 
satisfies, 

r? ' -0 . 3< 77 ^ 7? ' 

(herein, correlations of L^p , pl+p2=p and Ll>pl are satisfied) . 
Therefore, the positional shift of the end surface of the 
electrode finger which is a physical SAW reflection surface 
from the end part of the convex portion of the protective 
film which is also a physical SAW reflection surface can 
be kept within a certain range. Even if the protective film 
is formed to cover the electrode and there is an uneven shape 
on its surface, then there is an advantage in that an electronic 
part which has good characteristics can be obtained. 

Furthermore , an eleventh aspect of the present invention 
is an electronic part, and in a protective film which has 
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an uneven shape at its top surface that is provided in the 
electronic part, if a pitch width of one pitch in the uneven 
shape of the protective film is L, a width of one pitch of 
a convex portion of an unevenness in the uneven shape of 
the protective film is LI, a width of one pitch of the concave 
portion is L2, a pitch width of one pitch of the comb-type 
electrode is p, a width of one of electrode fingers which 
form the comb- type electrode is pi, and a width between the 
electrode fingers is p2 , that satisfies, 

L1+L2<L, L2<p2 and Ll^pl 
(herein, correlations of L%p and pl+p2^p are satisfied). 
Therefore, between the top part of the convex portion and 
the end part of the bottom part of the concave portion in 
the uneven shape of the protective film, the thickness of 
the protective film which is defined as the height from the 
surface of the substrate to the surface of the protective 
film can be gently changed. Thereby, the influence of the 
reflection of an SAW on the boundary of the unevenness of 
the protective film is less. Even if the protective film 
is formed to cover the electrode and there is an uneven shape 
on its surface, then there is an advantage in that an surface 
acoustic-wave device which has good characteristics can be 
obtained. 

As described so far, according to the present invention, 
an electronic part which is excellent in temperature 
characteristics and electrical properties can be obtained 
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by forming a protective film so that it covers an electrode 
that is formed on a substrate and setting the shape or thickness 
of the protective film within a specific range. 

The objects, characteristics, aspects and advantages 
of the present invention will be more obvious in the following 
detailed description and attached drawings. 

Brief Description of the Drawings 

Fig. lA is a top view of an electronic part according 
to a first embodiment of the present invention, showing its 
configuration . 

Fig. IB is a sectional view of the electronic part 
according to the first embodiment of the present invention. 

Fig. 2A to Fig. 2H are each a sectional view of the 
electronic part according to the first embodiment of the 
present invention, showing its production method. 

Fig. 3 is a schematic perspective view of an SAW filter 
according to the first embodiment of the present invention . 

Fig. 4A is a graphical representation, showing an 
electrical characteristic of an SAW resonator according to 
the first embodiment of the present invention. 

Fig. 4B is a graphical representation, showing an 
electrical characteristic of the SAW filter according to 
the first embodiment of the present invention. 

Fig. 5A is a graphical representation, showing an 
electrical characteristic of the SAW resonator according 
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to the first embodiment of the present invention. 

Fig, 5B is a graphical representation, showing an 
electrical characteristic of the SAW filter according to 
the first embodiment of the present invention. 

Fig. 6A is a graphical representation, showing an 
electrical characteristic of the SAW resonator according 
to the first embodiment of the present invention. 

Fig. 6B is a graphical representation, showing an 
electrical characteristic of the SAW filter according to 
the first embodiment of the present invention. 

Fig. 7 is a graphical representation, showing 
correlations between the normalized film thickness of an 
electrode and a ripple-generation frequency according to 
the first embodiment of the present invention. 

Fig. 8 is a representation, showing the configuration 
of a ladder- type SAW filter. 

Fig . 9 is a sectional view of an electronic part according 
to a second embodiment of the present invention. 

Fig. lOA to Fig. 101 are each a sectional view of the 
electronic part according to the second embodiment of the 
present invention, showing its production method. 

Fig. IIA is a graphical representation, showing an 
electrical characteristic of an SAW resonator according to 
the second embodiment of the present invention. 

Fig. IIB is a graphical representation, showing an 
electrical characteristic of an SAW filter according to the 
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second embodiment of the present invention. 

Fig. 12A is a graphical representation, showing an 
electrical characteristic of the SAW- resonator according 
to the second embodiment of the present invention. 

Fig. 12B is a graphical representation, showing an 
electrical characteristic of the SAW filter according to 
the second embodiment of the present invention. 

Fig. 13A is a graphical representation, showing an 
electrical characteristic of the SAW resonator according 
to the second embodiment of the present invention. 

Fig. 13B is a graphical representation, showing an 
electrical characteristic of the SAW filter according to 
the second embodiment of the present invention. 

Fig. 14 is a sectional view of an electronic part 
according to a third embodiment of the present invention. 

Fig. 15A to Fig. 15E are each a sectional SEM photograph 
and a sectional view of the electronic part according to 
the third embodiment of the present invention. 

Fig. 16 is a graphical representation, showing an 
electrical characteristic of the electronic part according 
to the third embodiment of the present invention. 

Fig. 17 is a graphical representation, showing the 
correlation between the structure of the electronic part 
and an electrical characteristic thereof according to the 
third embodiment of the present invention. 

Fig. 18A is a sectional SEM photograph of an electronic 
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part according to a fourth embodiment of the present invention . 

Fig. 18B is a graphical representation, showing an 
electrical characteristic of the electronic part accor.ding 
to the fourth embodiment of the present invention. . 

Fig. 19A is a sectional SEM photograph of the electronic 
part according to the fourth embodiment of the present 
invention. 

Fig. 19B is a graphical representation, showing an 
electrical characteristic of the electronic part according 
to the fourth embodiment of the present invention. 

Fig. 20 is a graphical representation, showing an 
electrical characteristic of an electronic part according^ 
to a fifth embodiment of the present invention. 

Fig. 21 is a graphical representation, showing an 
electrical characteristic of an electronic part according 
to a sixth embodiment of the present invention. 

Fig. 22 is a graphical representation, showing the 
correlation between the structure of the electronic part 
and an electrical characteristic thereof according to the 
sixth embodiment of the present invention. 

Fig. 23 is a graphical representation, showing the 
correlation between the structure of the electronic part 
and a temperature characteristic thereof according to the 
sixth embodiment of the present invention. 

Fig. 24A is a schematic perspective view of electronic 
equipment according to a seventh embodiment of the present 
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invention . 

Fig. 24B is an electric-circuit diagram, showing the 
main -part inside of the electronic equipment according to 
the seventh embodiment of the present invention. 

Fig. 25A is a graphical representation, showing an 
electrical characteristic of the electronic part according 
to the seventh embodiment of the present invention. 

Fig. 25B is a graphical representation, showing an 
electrical characteristic of the electronic part according 
to the seventh embodiment of the present invention. 

Fig. 26 is a sectional view of an electronic part 
according to an eighth embodiment of the present invention. 

Fig. 27 is a sectional view of an electronic part 
according to a ninth embodiment of the present invention. 

Fig. 28 is a sectional view of an electronic part 
according to a tenth embodiment of the present invention. 

Fig. 29 is a sectional view of an electronic part 
according to an eleventh embodiment of the present invention. 

Fig. 30 is a sectional view of an electronic part 
according to a twelfth embodiment of the present invention. 

Fig. 31 is a sectional view of an electronic part 
according to a thirteenth embodiment of the present invention. 

Fig. 32 is a sectional view of an electronic part 
according to a fourteenth embodiment of the present invention. 

Fig. 33 is a sectional view of an electronic part 
according to a fifteenth embodiment of the present invention. 
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Fig. 34 is a sectional view of an electronic part 
according to a sixteenth embodiment of the present invention. 

Fig . 3 5A is a sectional SEM photograph of an electronic 
part according to an embodiment of the present invention. 

Fig. 35B is a sectional view of an electronic part 
according to an embodiment of the present invention, showing 
the definition of its structure. 

Best Mode for Implementing the Invention 

Hereinafter, an electronic part according to each 
embodiment of the present invention will be described with 
reference to the drawings. In each embodiment, an SAW device 
is described as an example of the electronic part . 

( First Embodiment ) 

Fig. lA is a top view of an SAW device as the electronic 
part according to a first embodiment of the present invention, 
showing its configuration. Fig. IB is a sectional view of 
the same. 

As shown in these figures, the SAW device according 
to the first embodiment includes a comb- type electrode 2 
on the upper surface of a substrate 1, a reflector 3 on both 
sides of this comb-type electrode 2, and a protective film 
4 which covers at least these comb- type electrode 2 and 
reflector 3. In addition, the comb- type electrode 2 is provided 
with a pad 5 for taking out an electric signal which is 
electrically connected to the comb-type electrode 2. Thereby, 



22 



P1329US 



the SAW device is configured. 

The substrate 1 is made of lithium tantalate 
(hereinafter, referred to as "LT") which is cut out of a 
Y-sheet that is turned by several degrees around the X-axis 
in the Z-axis direction. It is a 36° YLT substrate which is 
obtained at a turning angle of 36° . 

The comb- type electrode 2 is made of aluminum 
(hereinafter, referred to as "Al"), or an aluminum alloy. 

The protective film 4 is preferably made of silicon 
dioxide (hereinafter, referred to as "Si02"), or an aluminum 
alloy- As shown in Fig. IB, an uneven shape is formed at 
its top surface. A convex portion 4a of the protective film 
4 is provided over the part where the comb- type electrode 
2 is disposed on the upper surface of the substrate 1. On 
the other hand, a concave portion 4b of the protective film 
4 is provided, in the part where no comb- type electrode 2 
is disposed on the upper surface of the substrate 1 between 
the convex portions 4a, and in its vicinity. 

Herein, the height from the surface of the substrate 
1 which is in contact with the protective film 4 to the top 
part of the convex portion 4a of the protective film 4 is 
t, the height from the surface of the substrate 1 which is 
in contact with the protective film 4 to the bottom part 
of the concave portion 4b of the protective film 4 is tl, 
and the height (t-tl) from the bottom part of the concave 
portion 4b of the protective film 4 to the top part of the 
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convex portion 4a of the protective film 4 is t2. 

In addition, the height of the comb- type electrode 
2 from the surface of the substrate 1 which is. in contact 
with the protective film 4 to the top part of an electrode 
finger 2a is h. 

Besides, one convex portion 4a and one concave portion 
4b of the protective film 4 are one pitch, the pitch width 
of one pitch is L, the width of the convex portion 4a of 
the protective film 4 is LI, and the width of the concave 
portion 4b of the protective film 4 is L2 (herein, L=L1+L2 
is satisfied). Further, in the same way as one pitch of the 
protective film 4, the width of one pitch of the comb-type 
electrode 2 from one electrode finger 2a of the comb-type 
electrode 2 to the part in which the adjacent electrode finger 
2a is disposed on one side is p. 

Moreover, the width of each electrode finger is pi, 
the width between the adjacent electrode fingers is p2 (herein , 
p=pl+p2 is satisfied) . 

In addition, the ratio L1/l of the width LI of the 
convex portion 4a of the protective film 4 to the pitch width 
L of the protective film 4 is 77 ' and the ratio pl/p of the 
width pi of each electrode finger to the width p of one pitch 
of the comb- type electrode 2 is . 

A manufacturing method for the SAW device which is 
configured as described above will be described below with 
reference to the drawings . 
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Fig. 2A to Fig. 2H are each a sectional view of the 
SAW device according to the first embodiment of the present 
invention, showing its production method. 

First, as shown in Fig. 2A, using a method such as 
vapor deposition and sputtering, an electrode film 22 as 
a comb-type electrode or/and a reflector which is made of 
Al or an Al alloy is formed on the upper surface of an LT 
substrate 21. 

Next, as shown in Fig. 2B, a resist film 23 is formed 
on the upper surface of the electrode film 22. 

Next, as shown in Fig. 2C, using an exposure-development 
technique or the like, the resist film 23 is processed so 
as to turn into a desirable shape. 

Next, as shown in Fig. 2D, using a dry- etching technique 
or the like, the electrode film 22 is processed so as to 
turn into the desirable shape, such as a comb- type electrode 
and a reflector, and thereafter, the resist film 23 is removed. 

Next, as shown in Fig. 2E, using a method such as vapor 
deposition and sputtering, a protective film 24 is made of 
Si02 so as to cover the electrode film 22. 

Next, further, as shown in Fig. 2F, a resist film 25 
is formed on the surface of the protective film 24. 

Next, as shown in Fig. 2G, using a technique such as 
exposure and development, the resist film 25 is processed 
so as to turn into a desirable shape. 

Next, as shown in Fig. 2H, using a dry-etching technique 
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or the like, a protective film which is the part unnecessary 
for the protective film 24, such as a pad 26 for taking out 
an electrical signal, is removed, and thereafter, the resist 
film 2 5 is removed. 

Finally, using dicing, it is divided into pieces, and 
thereafter, mounted in a ceramic package using die bonding 
or the like. After wire bonding, a lid is welded to execute 
a hermetic seal. 

According to the first embodiment of the present 
invention, the following correlation is satisfied, 

t2^h 

(herein, the correlations of L%p, pl+p2=p, L1+L2=L, Ll^pl 
and L2^p2 are satisfied) . 

As the method of obtaining the shape which satisfies 
this correlation, a so-called bias-sputtering method is used. 
This is the method of applying a bias on the substrate side 
and forming a film by sputtering in the formation of the 
Si02 film of Fig. 2E which shows the production method. In 
that case, in order to control the shape of the Si02 film, 
it is executed by changing the ratio of the bias which is 
applied on the substrate to the sputtering power. 

This first embodiment takes into account how the height 
t2 from the top part of the convex portion of the protective 
film to the bottom part of the concave portion of this protective 
film should be correlated to the film thickness h of the 
electrode. Thereby, even if the protective film is formed, 
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it can be seen that good characteristics can be obtained. 
As an embodiment 1 and a comparative example 2, an SAW device 
is created which is tZ^h (herein, the correlations of 
p, pl+p2=p, L1+L2=L, Ll^pl and L2^p2 are satisfied). As a 
comparative example 1 , an SAW device is created which is 
h<t2 (herein, the correlations of L^p, pl+p2=p, L1+L2=L, 
LI ^ pi and L2 ^ p2 are satisfied) . Their electrical 
characteristics are measured. Herein, the normalized film 
thickness (h/2Xp) of each electrode film in the embodiment 
1 and the comparative example 1 is 7%, and the normalized 
film thickness (h/2Xp) of an electrode film in the comparative 
example 2 is 4%. The Si02 film thickness tl is 20% in the 
embodiment 1 and the comparative examples 1, 2. In addition, 
the created SAW devices are an SAW resonator shown in Fig. 
lA, and a ladder- type SAW filter shown in Fig. 3 which is 
obtained by connecting SAW resonators that each have the 
configuration of Fig. lA so that they are shaped like a ladder 
with several steps. In Fig. 3, reference numeral 31 denotes 
an LY substrate; 32, an Si02 film; 34, an electrode pad; 
33s, an SAW resonator which is disposed in a series arm; 
and 33p, an SAW resonator which is disposed in a parallel 
arm. 

Fig. 4A shows an electrical characteristic of the SAW 
resonator in the embodiment 1 according to the embodiments 
of the present invention. Fig. 4B shows an electrical 
characteristic of the SAW filter. In addition. Fig. 5A shows 
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an electrical characteristic of the SAW resonator in the 
comparative example 1 and Fig. 5B shows an electrical 
characteristic of the SAW f ilter in. the comparative example 
1. Fig. 6A shows an electrical characteristic of the SAW 
resonator in the comparative example 2 and Fig. 6B shows 
an electrical characteristic of the SAW filter in the 
comparative example 2. Herein, with respect to the electrical 
characteristic, in order to take into account the frequency 
shift between the devices and clarify the distinction in 
characteristics between the devices, the characteristics 
of the resonators are normalized using an anti-resonant 
frequency. Besides, the SAW filter is normalized and shown, 
using an attenuation-pole frequency on the high-frequency 
side. Furthermore, a table 1 shows parameters on the structure 
in each embodiment and comparative example . 



(Table 1) 





t 2 , h 


hX ( 2 p) 


t 1 / ( 2 p) 


LI, pi 


Embodiment 1 


t 2 ^ h 


0.07 


0 . 20 


L 1 ^ p 1 


Compar a t ive 
- Example 1 


h< t 2 


0.07 


0 . 20 


L 1 ^ p 1 


Comparative 
Example 2 


t 2 ^ h 


0.04 


0 . 20 


L 1 ^ p 1 



From the characteristic of the SAW resonator shown 
in Fig. 4A, Fig. 5A and Fig. 6A, it can be seen that the 
SAW resonator of the embodiment 1 and the comparative example 
2 which is t2^h (herein, the correlations of L^p, pl+p2=p. 
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L1+L2=L, LI ^ pi and L2 ^ p2 are satisfied) has a great 
attenuation value and has a steep characteristic . In addition , 
in the SAW resonator of the embodiment 1 and the comparative, 
example 1 where the normalized film thickness of the electrode 
is 7% , the spuriousness which is generatedon the high-frequency- 
side of the anti-resonant frequency is apart from the 
anti-resonant frequency. In contrast, in the SAW resonator 
of the comparative example 2 where the normalized film thickness 
of the electrode is 4%, this spuriousness which is generated 
on the high-frequency side of the anti-resonant frequency 
is closer to the anti-resonant frequency. Similarly, if the 
characteristics of the SAW filter are compared, the SAW filter 
of the embodiment 1 and the comparative example 2 which is 
t2^h (herein, the correlations of L^p, pl+p2=p, L1+L2=L, 
LI ^ pi and L2 ^ p2 are satisfied) has a steep skirt 
characteristic. However, in the SAW filter where the normalized 
film thickness of the electrode is 4% in the comparative 
example 2 which is shown in Fig. 6B, a ripple which is caused 
by a ripple of the resonator is generated in the band. On 
the other hand, in the SAW filter of the embodiment 1 and 
the comparative example 1 where the film thickness of the 
electrode is 7%, there is a ripple out of the band. Hence, 
no unnecessary ripple is generated within the band. 

Therefore , in the filter which is obtained by connecting 
SAW resonators so that they are shaped like a ladder with 
several steps, unless a ripple which is generated on the 
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higher-frequency side than the anti-resonant frequency of 
the SAW resonator which configures the filter appears as 
a ripple within the filter band, in order to realize .a steep 
filter skirt characteristic and obtain a high suppression 
level with a small loss, the shape of Si02 of the SAW resonator 
which configures the filter should satisfy t2^h (herein, 
the correlations of L=i^p, pl+p2=p, L1+L2=L, Ll^pl and L2^ 
p2 are satisfied). This is found out byLJt.he inventors. 

Furthermore, from these embodiment and comparative 
examples, it can be seen that in the SAW resonator, the 
difference in frequency between the frequency at which a 
ripple generated on the higher-frequency side than the 
anti-resonant frequency is generated and the anti-resonant 
frequency depends upon the film thickness of an electrode 
and the structure of an Si02 film. Therefore, in order to 
check how thick a desirable electrode film should be if the 
structure of Si02 satisfies t2^h (herein, the correlations 
of L^p, pl+p2=p, L1+L2=L, Ll^pl and L2^p2 are satisfied), 
the inventors further create an SAW resonator in the case 
where the electrode normalized film thickness h/(2Xp) is 
3, 5, 7, 10% and the Si02 normalized film thickness tl/(2 
Xp) is 10, 15, 20%. Then, they examine its correlation with 
a ripple generation frequency. Fig. 7 shows the results. 
Herein, as the structure of Si02 , they create the one in 
the state of t^tl where the ripple of the resonator is likely 
to come closest to the anti-resonant frequency. 
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Herein, the correlation between the generation 
frequency of a ripple of the resonator and the characteristic 
of the filter will be considered, using the simplest 
reverse-L-shaped ladder-type filter shown in Fig. 8. In Fig. 
8, reference numeral 80 designates the configuration of the 
filter; 81, a filter characteristic; 82, an SAW resonator 
which is disposed in a parallel arm; 83, an SAW resonator 
which is disposed in a series arm; 82a, an admittance 
characteristic of the SAW resonator which is disposed in 
a parallel arm; and 83a, an admittance characteristic of 
the SAW resonator which is disposed in a series arm. The 
area of reference numeral 86 shows the passing band of the 
filter. In the ladder- type SAW filter, the parallel resonance 
frequency the resonator of the series arm and the resonance 
frequency of the series arm are set substantially in the 
middle of the band. On the low-frequency side of the band, 
the characteristic of the resonator 83 of the series arm 
is dominant, and on the high-frequency side of the band, 
the characteristic of the parallel arm 82 is dominant . Therefore , 
in order to prevent a ripple which is generated on the 
higher- frequency side than the anti-resonant frequency of 
the SAW resonator from affecting the passing band of the 
filter, a ripple which is generated in the resonator of the 
series arm needs to be hindered from coming into the band 
of the filter. Hence, in this case, among the SAW resonators 
which configure the filter , in terms of the generation frequency 



31 



P1329US 

of a ripple in the SAW resonator of the series arm resonator 
of the series arm, (the generation frequency of a ripple - 
the antiTJcespnant frequency) needs to be equal to, or more. 
than, (the passing band of the filter/2) . Taking into account 
the fact that a passing band which is required for an ordinary 
mobile-communication filter is approximately 0.3 to 0.4 in 
a specific passing band, the target value of (the generation 
frequency of a ripple - the anti-resonant frequency) is 0.15 
or more. Thus, from Fig. 7, it can be seen that the normalized 
film thickness of the electrode should preferably be 5% or 
higher . 

As described so far, in the filter which is obtained 
by connecting SAW resonators so that they are shaped like 
a ladder with several steps , unless a ripple which is generated 
on the higher-frequency side than the anti-resonant frequency 
of the SAW resonator which configures the filter appears 
as a ripple within the filter band, in order to realize a 
steep filter skirt characteristic and obtain a high suppression 
level with a small loss, the shape of Si02 of the SAW resonator 
which configures the filter should satisfy t2^h (herein, 
the correlations of L=^p, pl+p2==p, L1+L2=L, Ll^pl and L2^ 
p2 are satisfied). Especially, it is preferable that the 
normalized film thickness h/(2Xp) of the electrode be 0.05 
or more. This is found out by the inventors. 

In this first embodiment, the Si02 film is used as 
the protective film. However, the protective film is not 
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limited to this. Even If another dielectric film such as 
SIN, SiON andTa205 is used, needless to say , the same advantages 
can be obtained, as long as-its shape meets the above described 
conditions. In addition, in the first embodiment, the 36"" 
LT is used as the substrate. However, the substrate is not 
limited to this. In an SAW device where LT which is cut out 
at another angle, or another piezo-electric substrate of, 
for example, LiNb03, LiB203, KnbOS , or the like, is used, 
or in an SAW device where an electrode is formed on a 
piezo-electric film, in the case where a protective film 
is formed on its surface, needless to say, the same advantages 
can be obtained, as long as its shape meets the above described 
conditions . 

Besides, as the method of obtaining such a shape, in 
this first embodiment, bias sputtering is used, but it is 
not limited to this method. 

( Second Embodiment ) 

Hereinafter, an SAW device according to a second 
embodiment of the present invention will be described with 
reference to the drawings . 

In this second embodiment , the same SAW device is used 
as that according to the first embodiment . Fig. 9 is a sectional 
view of the SAW device according to the second embodiment 
of the present invention. In this figure, the same 
configurations are given their identical reference numeral 
and character as those of Fig. IB used in the first embodiment. 
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Thus, their description is omitted. 

The protective film 4 is preferably made of Si02, and 
as shown "in Fig; 9, its top surface has an uneven shape . 
A convex portion 94a of the protective film 4 is provided 
over the part where the comb-type electrode 2 is disposed 
on the upper surface of the substrate 1. On the other hand, 
a concave portion 94b of the protective film 4 is provided, 
in the part where no comb- type electrode 2 is disposed on 
the upper surface of the substrate 1 between the convex portions 
94a, and in its vicinity. 

Herein, the height from the surface of the substrate 
1 which is in contact with the protective film 4 to the top 
part of the convex portion 94a of the protective film 4 is 
t, the height from the surface of the substrate 1 which is 
in contact with the protective film 4 to the bottom part 
of the concave portion 94b of the protective film 4 is tl, 
and the height (t-tl) from the bottom part oif the concave 
portion 94b of the protective film 4 to the top part of the 
convex portion 94a of the protective film 4 is t2. 

Besides, one convex portion 94a and one concave portion 
94b of the protective film 4 are one pitch, the pitch width 
of one pitch is L, the width of the convex portion 94a of 
the protective film 4 is LI, and the width of the concave 
portion 94b of the protective film 4 is L2 (herein, L=L1+L2 
is satisfied) * 

This second embodiment is different from Fig. IB 
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according to the first embodiment in the following respect. 
In Fig. IB of the first embodiment, the height t2 from the 
bottom part of the concave portion 4b of the protective film 
4 to the top part of the convex portion 4a is equal to, or 
less than, the height h of the comb-type electrode 2. In 
contrast, in Fig. 9 of the second embodiment, the height 
t2 from the bottom part of the concave portion 34b of the 
protective film 34 to the top part of the convex portion 
34a is equal to, or more than, the height h of the comb- type 
electrode 2. 

According to the second embodiment of the present 
invention, the following correlation is satisfied, 
h^t2 

(herein, the correlations of L=^p, pl+p2=p, L1+L2=L, Ll^pl 
and L2^p2 are satisfied) . 

As the method of obtaining the shape which satisfies 
this correlation, its production method will be described 
below with reference to the drawings. In this figure, the 
same materials and configurations are given their identical 
reference numeral and character as those of Fig. 2 used in 
the first embodiment. Thus, their description is omitted. 

Fig. lOA to Fig. 101 are each a sectional view of the 
SAW device according to the second embodiment of the present 
invention, showing its production method. 

First, as shown in Fig. lOA, using a method such as 
vapor deposition and sputtering, an electrode film 22 as 
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a comb- type electrode or/and a reflector which is made of 
Al or an Al alloy is formed on the upper surface of an LT 
substrate 21 . 

Next, as shown in Fig. lOB, using a method such as 
vapor deposition and sputtering, a part 24a of the protective 
film 24 is formed. 

Next, as shown in Fig. IOC, a resist film 23 is formed 
on the upper surface of the electrode film 22. 

Next, as shown in Fig. lOD, using an 
exposure-development technique or the like, the resist film 
23 is processed so as to turn into a desirable shape. 

Next , as shown in Fig . lOE , using a dry-etching technique 
or the like, the electrode film 22, the protective film 24a 
are processed so as to turn into the desirable shape, such 
as a comb- type electrode and a reflector, and thereafter, 
the resist film 23 is removed. At this time, the etching 
of Si02 and the etching of the electrode film are executed 
by changing the etching gas midway from fluorine- system gas 
to chlorine-system gas. 

Next, as shown in Fig. lOF, using a method such as 
vapor deposition and sputtering, the protective film 24 is 
made of Si02 so as to cover the electrode film 22 and the 
protective film 24a. At this point of time, the protective 
film 24a becomes a part of the protective film 24. 

Next, further, as shown in Fig. lOG, a resist film 
25 is formed on the surface of the protective film 24. 
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Next, as shown in Fig. lOH, using a technique such 
as exposure and development, the resist film 25 is processed 
so as to turn into a desirable shape. 

Next , as shown in Fig • 101 , using a dry-etching technique 
or the like, a protective film which is the part unnecessary 
for the protective film 24, such as a pad 26 for taking out 
an electrical signal, is removed, and thereafter, the resist 
film 2 5 is removed - 

Finally, using dicing, it is divided into pieces, and 
thereafter, mounted in a ceramic package using die bonding 
or the like. After wire bonding, a lid is welded to execute 
a hermetic seal. 

According to this second embodiment, in such a way 
as the shape satisfies the correlations of L^p, pl+p2=p, 
L1+L2=L, Ll^pl and L2^p2, the formation of the Si02 film 
of Fig. lOF is executed by applying an RF bias on the substrate 
side and forming a film, or using a so-called bias-sputtering 
method, is used. 

This second embodiment takes into account how the height 
t2 from the top part of the convex portion of the protective 
film to the bottom part of the concave portion of this protective 
film should be correlated to the film thickness h of the 
electrode 4 Thereby, even if the protective film is formed, 
it can be seen that good characteristics can be obtained. 
In addition to the comparative example 2 which is created 
by the production method shown in Fig. lOA to Fig. 101, a 



37 



P1329US 



comparative example 3 in which an Si02 film is not formed, 
and a comparative example 4 which is created by the production 
method shown in Fig. 2A to Fig. 2H and by bias sputtering, 
in Fig. 2E, are described. With respect to these three kinds 
of SAW devices, electrical characteristics are measured. 

Herein, in this second embodiment, the normalized film 
thickness h/(2Xp) of the electrode of each SAW device is 
4%, and the normalized film thickness of the Si02 normalized 
film thickness tl/(2Xp) is 20%. 

Fig. IIA shows an electrical characteristic of the 
SAW resonator in the embodiment 2 according to the embodiments 
of the present invention. Fig. IIB shows an electrical 
characteristic of the SAW filter according to the embodiment 
2. In addition. Fig. 12A shows an electrical characteristic 
of the SAW resonator in the comparative example 3 and Fig. 
12B shows an electrical characteristic of the SAW filter 
in the comparative example 3. Fig. 13A shows an electrical 
characteristic of the SAW resonator in the comparative example 
4 and Fig. 13B shows an electrical characteristic of the 
SAW filter in the comparative example 4. The SAW resonator 
used in this second embodiment is an SAW resonator which 
has the same configuration as Fig. lA. The SAW filter has 
the configuration shown in Fig. 3. In Fig. IIA to Fig. 13B, 
with respect to the electrical characteristics, in order 
to take into account the frequency shift between the devices 
and clarify the distinction in characteristics between the 
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devices, the characteristics of the resonators are normalized 
using an anti-resonant frequency. Besides, the SAW filter 
is normalized, and shown , using an. at tenuat ion -pole, frequency 
on the high-frequency side. Furthermore, a table 2 shows 
parameters on the structure in these embodiment and comparative 
examples . 



(Table 2) 





t 2, h 


(2 p) 


t 1 / (2 p) 


L 1 , p 1 


Embodiment 2 


t 2 


0.04 


0.20 


L 1 ^ p 1 


Comparative 
Example 3 


t 2 


0.04 






Comparative 
Example 4 


t 2<h 


0.04 


0.20 


L 1 ^ p 1 



As can be seen from Fig. 12A, with respect to the SAW 
device used in this second embodiment, the normalized film 
thickness of its electrode film is thin at 4%. Even if there 
is no Si02, a ripple which is generated on the high-frequency 
side of the anti-resonant frequency is generated at a place 
relatively near the anti-resonant frequency. In addition, 
if the comparative example 3 of Fig. 12A is compared with 
the characteristics of the SAW resonator of the comparative 
example 4 of Fig. 13A, as the Si02 film is formed, a ripple 
which is generated on the high-frequency side of the 
anti-resonant frequency comes closer to the side of the 
anti-resonant frequency. Therefore, in the characteristics 
of the SAW filter which is configured using the resonator 
of the comparative example 3 in which no Si02 film is formed 
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which is shown in Fig. 12B, the ripple which is barely out 
of the passing band is generated within the passing band, 
_ as shown in Fig . ISB.ln the comparative example 4 . _In contrast , 
in the embodiment 2, reversely, it can be seen from Fig. 
IIA that the ripple is shifted on the high-frequency side. 
This is because it is h^t2, and thus, the Si02 which is formed 
on the electrode makes the film thickness of the electrode 
apparently thicker. Consequently, in the SAW filter which 
is configured by the SAW resonator of Fig. IIA which is shown 
in Fig. IIB, no ripple is generated within the passing band. 

As described so far, in the filter which is obtained 
by connecting SAW resonators so that they are shaped like 
a ladder with several steps, as one method of preventing 
a ripple which is generated on the higher-frequency side 
than the anti-resonant frequency of the SAW resonator which 
configures the filter from appearing as a ripple within the 
filter band, the shape of Si02 of the SAW resonator which 
configures the filter should satisfy t2 ^ h (herein, the 
correlations of L^p, pl+p2=p, L1+L2=L, Ll^pl and L2^p2 are 
satisfied). This is found out by the inventors. Especially, 
since a reflection coefficient is largely affected by the 
film thickness of the electrode, this is effective if the 
electrode film thickness is thin, particularly, based on 
the examination of Fig . 7 in the first embodiment , if a resonator 
whose electrode film thickness is 5% or less is used. 
(Third Embodiment) 
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Fig. 14 is a sectional view of an SAW device as the 
electronic part according to a third embodiment of the present 
invention. Its top view is identical to Fig. lA. 

As shown in Fig. lA and Fig. 14, the SAW device according 
to this third embodiment includes a comb-type electrode 2 
on the upper surface of a substrate 1, a reflector 3 on both 
sides of this comb-type electrode 2, and a protective film 
4 which covers at least these comb- type electrode 2 and 
reflector 3 . In addition, the comb- type electrode 2 is provided 
with a pad 5 for taking out an electric signal which is 
electrically connected to the comb-type electrode 2. Thereby, 
the SAW device is configured. 

The substrate 1 is made of lithium tantalate which 
is cut out of a Y- sheet that is turned by several degrees 
around the X-axis in the Z-axis direction. It is a 36° YLT 
substrate which is obtained at a turning angle of 36° . 

The comb -type electrode 2 is made of aluminum 
(hereinafter, referred to as "Al"), or an aluminum alloy. 

The protective film 4 is preferably made of silicon 
dioxide (hereinafter, referred to as "8102"), or an aluminum 
alloy. As shown in Fig. 14, an uneven shape is formed at 
its upper surface. A convex portion 4a of the protective 
film 4 is provided over the part where the comb-type electrode 
2 is disposed on the upper surface of the substrate 1. On 
the other hand, a concave portion 4b of the protective film 
4 is provided, in the part where no comb -type electrode 2 
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is disposed on the upper surface of the substrate 1 between 
the convex portions 4a, and in its vicinity. 

Herein, one convex portion 4a and. one concave portion 
4b of the protective film 4 are one pitch, the pitch width 
of one pitch is L, the width of the convex portion 4a of 
the protective film 4 is Li, and the width of the concave 
portion 4b of the protective film 4 is L2 (herein, L=L1+L2 
is satisfied) . Further, in the same way as one pitch of the 
protective film 4, the width of one pitch of the comb-type 
electrode 2 from one electrode finger 2a of the comb-type 
electrode 2 to the part in which the adjacent electrode finger 
2a is disposed on one side is p. Moreover, the width of each 
electrode finger is pi , the width between the adjacent electrode 
fingers is p2 (herein, p=pl+p2 is satisfied). In addition, 
the ratio L1/l of the width LI of one pitch of the convex 
portion of the unevenness in the uneven shape of the protective 
film to the pitch width L of one pitch of the protective 
film is 77 ' and the ratio pl/p of the width pi of each electrode 
finger which configures the comb-type electrode to the pitch 
width p of one pitch of the comb-type electrode is V . 

In addition , the height from the surface of the substrate 
1 which is in contact with the protective film 4 to the concave 
portion 4b of the protective film 4 is t, and the thickness 
of the comb- type electrode 2 (i.e., the height from the surface 
of the substrate 1 to the top surface of the comb-type electrode 
2) is h. 
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A manufacturing method for the SAW device according 
to the third embodiment of the present invention is the same 
as that of Fig. 2A to Fig. 2H,- and thus, its description 
is omitted. 

According to the third embodiment of the present 
invention, the shape of the electrode and the Si02 film 
satisfies , 

Ll^pl and L2^p2 
(herein, the correlations of L^p, pl+p2=p and Ll+pL2=L are 
satisfied) . 

As the method of obtaining the shape which satisfies 
this correlation, a so-called bias-sputtering method is used. 
This is the method of applying a bias on the substrate side 
and forming a film by sputtering in the formation of the 
Si02 film of Fig. 2E which shows the production method. In 
that case, in order to control the shape of the Si02 film, 
it is executed by changing the ratio of the bias which is 
applied on the substrate to the sputtering power. 

This third embodiment takes into account the shape 
of the Si02 film, so that even if the protective film is 
formed, it can be seen that good characteristics can be obtained . 
The following six kinds of SAW devices are created ( embodiments 
3 to 5 and comparative examples 5 to 7). The comparative 
example 5 is an ordinary SAW device in which no Si02 film 
is formed. The comparative example 6 is an SAW device in 
which an ordinary sputtering (i.e., a bias is not applied 
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on the substrate side) is used in the formation of an Si02 
film. The comparative example 7 is the one in which a bias 
sputtering is used in forming an Si02 film, but the Si02 
film is formed so that Ll^pl and L2^p2 can be satisfied 
by changing the ratio of a bias which is applied on the substrate 
to a sputtering power. Herein, in this third embodiment, 
the normalized film thickness h/(2Xp) of the electrode in 
all the embodiments and comparative examples is 4%, and the 
normalized film thickness t/(2Xp) of the Si02 film is 20%. 
Fig. ISA to Fig. 15E each show a sectional shape in the 
embodiments 3 to 5 and the comparative examples 6, 7. Fig. 
16 shows electrical characteristics. In addition, a table 
3 shows a minimum insertion loss and an attenuation value 
at an anti-resonance point (or a maximum attenuation value) , 
and the difference in frequency (Af) between a resonance 
frequency and an anti-resonant frequency which is an index 
of steepness and the ratio 7) / V ' o± 7] to V ' which is measured 
from the section of each SAW device shown in Fig. ISA to 
Fig. ISE, in each embodiment and comparative example shown 
in Fig. 16. 



(Table 3) 





A f 


Minimum 
Insertion 
Loss 


Maximum 
Attenuatio 
n Value 


77 ' / 7} 


Comparative 
Example 5 


3 . 41 


-0 . 42 


-26 . 50 




Embodiment 3 


2 .82 


-0.44 


-24.74 


0.82 


Embodiment 4 


2 .71 


-0.46 


-26 . 28 


0.S9 
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Embodiment 5 


2 . 67 


-0.42 


-27 . 12 


0 .47 


Comparative 
Example 6 


2 . 44 


-0 . 51 


-19.13 


1 . 57 


Comparative 
Example 7 


2 . 82 


-0 . 42 


-21 . 37 


1 . 12 



In Fig. 16 and the table 3, it can be seen that in 
the comparative examples 6, 7 where the shape of the Si02 
film does not satisfy the correlations of [Ll^pl and L2^ 
p2 (herein, the correlations of L^p, pl+p2=p and Ll+pL2=L 
are satisfied) ] , compared with the attenuation value of the 
comparative example 5/ the attenuation value of the 
anti-resonant frequency is approximately -20 dB and is largely 
degraded in the formation of the Si02 film. In contrast, 
in the embodiments 3, 4, 5 where the shape of the Si02 film 
satisfies the above described correlations, the attenuation 
value in the anti-resonant frequency is approximately -25 
dB or more and is as great as that of the comparative example 
5. Particularly, if the embodiments 3, 4, 5 are compared, 
they become steeper and greater in the attenuation value 
in the order of the embodiments 3,-4, 5. Besides, in the 
embodiments 4, 5, the attenuation value is -26 dB or more 
and is substantially equal to that before the Si02 film is 
formed. 

Fig. 17 is a graphical representation, showing the 
correlation between the maximum attenuation value and 7? '/ 
77 . From this graph, the smaller 7) ' / 7) becomes, the attenuation 
value becomes better. Especially, at 0.86 or below, the 
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attenuation value is 90% or more of that in the case where 
no Si02 film is formed. Even after the Si02 film is formed, 
substantially the same level of performance can be obtained 
as that before the Si02 film is formed. 

As described so far, the inventors have found out the 
following fact. If the shape of the Si02 film is created 
so as to satisfy the correlations of [Ll^pl and L2^p2 (herein, 
the correlations of L^p, pl+p2=p and Ll+pL2=L are satisfied) ] , 
good characteristics can be obtained even in the case where 
a protective film is formed. Especially, if 7? '/ 77 ^0.86, the 
same attenuation value can be realized as that in the case 
where no protective film is formed. 

In this third embodiment, the Si02 film is used as 
the protective film. However, the protective film is not 
limited to this. Even if another dielectric film such as 
SiN, SiON and Ta205 is used, needless to say , the same advantages 
can be obtained, as long as its shape meets the above described 
conditions. In addition, in the third embodiment, the 36° 
LT is used as the substrate. However, the substrate is not 
limited to this. In an SAW device where LT which is cut out 
at another angle, or another piezo-electric substrate of, 
for example, LiNbOS , LiB203, Knb03 , or the like, is used, 
or in an SAW device where an electrode is formed on a 
piezo-electric film, in the case where a protective film 
is formed on its surface, needless to say, the same advantages 
can be obtained, as long as its shape meets the above described 
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conditions . 

Besides, as the method of obtaining such a shape, in 
this third embodiment, bias sputtering is used, but it is 
not limited to this method. 

( Fourth Embodiment ) 

Hereinafter, an SAW device according to a fourth 
embodiment of the present invention will be described with 
reference to the drawings . 

In this fourth embodiment, the same SAW device is used 
as the SAW device which is used in the third embodiment , 
even though it is different in the number of its electrodes 
or reflectors, or the pitch p. Therefore, its structure and 
production method are the same as those shown in each of 
Fig. lA, Fig. 14, andFig. 2AtoFig. 2H. Thus, their description 
is omitted. The SAW device according to this fourth embodiment 
also satisfies the correlations of [Ll^pl and L2^p2 (herein, 
the correlations of L^p, pl+p2=p and Ll+pL2=L are satisfied) ] . 

In this fourth embodiment, in order to show the 
correlation between: the positional relation between a center 
Lc of a convex portion in the unevenness of a protective 
film and a center pc of an electrode finger of a comb-type 
electrode; and the electrical characteristics of the SAW 
device in which a protective film with the shape shown in 
the third embodiment is formed, two kinds of SAW devices 
are created. One is, as an embodiment 6, an SAW device in 
which the center Lc of the convex portion in the unevenness 
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of the protective film and the center pc of the electrode 
finger of the comb-type electrode are almost on the ^same 
straight line. The other is ^ as a comparative example 8 , . 
an SAW device in which the center Lc of the convex portion 
in the unevenness of the protective film is shifted from 
the center pc of the electrode finger of the comb- type electrode • 
Fig. 18A and Fig. 19A show the sectional shape of the device 
according to the embodiment 6 and according to a comparative 
example 1, respectively. Fig. 18B and Fig. 19B show the 
electrical characteristic of the device according to the 
embodiment 6 and according to the comparative example 8, 
respectively. Herein, in Fig. 18B and Fig. 19B, in order 
to take into account the frequency shift between the devices 
and clarify the distinction in characteristics between the 
devices, their dependence is shown by using the normalized 
frequency which is normalized with the anti-resonant frequency 
of each SAW device . 

It can be seen that the center Lc of the convex portion 
in the unevenness of the protective film is shifted from 
the center pc of the electrode finger of the comb- type electrode , 
so that the insertion loss and the attenuation value can 
be deteriorated. In addition, a ripple which is generated 
near a normalized frequency of 1.02 is largely generated 
in Fig. 19B. Besides, it can be seen that the difference 
in frequency between the anti-resonance point and this ripple 
is narrow. When a ladder- type SAW filter is configured using 
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this SAW device, if this ripple is largely generated, filter 
characteristics becomes worse. Further, if this ripple is 
located near the anti-resonance point , it appears, as a large . 
ripple in the filter band. 

Therefore, from the above described results, the 
inventors have found out the following fact. In the device 
which is created so that the shape of the Si02 film satisfies 
the correlations of [LI ^ pi and L2 ^ p2 (herein, the 
correlations of L^p, pl+p2=p and Ll+pL2=L are satisfied)], 
in order to obtain good characteristics, if the center of 
the width LI of the convex portion 4a of the protective film 
4 is Lc and the center of the width pi of the electrode finger 
2 which is located under and near the convex portion 4a of 
the protective film 4 and is pc, then preferably, Lc and 
pc should be located, if seen from the upper surface of the 
substrate 1, substantially on the same straight line, or 
in plan view, substantially on the same straight line. 

(Fifth Embodiment) 

Hereinafter, an SAW device according to a fifth 
embodiment of the present invention will be described with 
reference to the drawings. 

In this fifth embodiment, the same SAW device is used 
as the SAW device which is used in the third embodiment , 
even though it is different in the number of its electrodes 
or reflectors, or the pitch p. Therefore, its structure and 
production method are the same as those shown in each of 
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Fig. lA, Fig. 14, andFig. 2AtoFig, 2H. Thus, their description 
is omitted. The SAW device according to this fifth embodiment 
also satisf ies the correlations of [Ll^pl and L2^p2 (herein, 
the correlations of L^p, pl+p2=p and Ll+pL2=L are satisfied) ] . 

In this fifth embodiment, in order to show the 
correlation between the cutout angle of the substrate 1 and 
the electrical characteristics of the SAW device in which 
a protective film with the shape shown in the third embodiment 
is formed, SAW devices are created using the total five kinds 
of substrates which are different in the cutout angle in 
comparative examples 9, 10 and embodiments 7, 8, 9. A table 
4 shows the cutout angle of an LT substrate which is used 
in each SAW device. 



(Table 4) 





Cutout Angle 


Embodiment 7 


3 9 " 


Embodiment 8 


4 2 ° 


Embodiment 9 


4 6 " 


Comparative Example 9 


3 4 " 


Comparative Example 10 


3 6 ° 



In addition. Fig. 2 0 shows the electrical characteristic 
of each SAW device. Herein, in Fig. 20, in order to take 
into account the frequency shift between the devices and 
clarify the distinction in characteristics between the devices , 
their dependence is shown by using the normalized frequency 
which is normalized with the anti-resonant frequency of each 
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SAW device • 

Fig. 20 shows that as the cutout angle of the substrate 
1 becomes wider from 34° , the attenuation value and the 
steepness are improved. Especially, in the SAW device used 
in this fifth embodiment, in order to make the attenuation 
value -20 dB or more which is approximately 80% of the 
attenuation value when no Si02 film is formed, the cutout 
angle of the substrate should be about 38° or more. Therefore, 
from the above described results , the inventors have confirmed 
that good temperature characteristics and electrical 
properties can be obtained, if the substrate 1 is LT which 
is cut out of a Y-sheet that is turned by D° around the X-axis 
in the Z~axis direction, and the D° YLT substrate is used 
for which the rotational angle D° is, 

38° . 

(Sixth Embodiment) 

Hereinafter, an SAW device according to a sixth 
embodiment of the present invention will be described with 
reference to the drawings. 

In this sixth embodiment, the same SAW device is used 
as the SAW device which is used in the third embodiment, 
even though it is different in the number of its electrodes 
or reflectors, or the pitch p. Therefore, its structure and 
production method are the same as those shown in each of 
Fig. lA, Fig. 14, and Fig . 2AtoFig. 2H. Thus, their description 
is omitted. The SAW device according to this sixth embodiment 
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also satisfies the correlations of [Ll^pl and L2^p2 (herein, 
the correlations of L^p, pl+p2=p and Ll+pL2=L are satisfied) ] . 
Herein , the-normallzed film thlcknes s h/ (2 X p ) of the electrode 
Is 5% . 

In this sixth embodiment. In order to show the 
correlations between the film thickness of an S102 film, 
and the temperature characteristics and the electrical 
characteristics, three kinds of SAW devices which each have 
a different S102 film- thickness t are created as embodiments 
10, 11, 12, and an SAW device In which no S102 Is formed 
as a comparative example 11. The electrical characteristic 
of each device Is shown In Fig. 21, and the correlation between 
an electro-mechanical coupling coefficient (k2) which is 
calculated from the electrical characteristic shown in Fig. 
21 and the S102 film- thickness is shown in Fig. 22. Herein, 
with respect to the frequency dependence of the electrical 
characteristics in Fig. 21, in order to take into account 
the frequency shift between the devices and clarify the 
distinction in characteristics between the devices, their 
dependence is shown by using the normalized frequency which 
is normalized with the anti-resonant frequency of each SAW 
device. In addition. Fig. 23 shows a temperature characteristic 
which is measured using the anti-resonant frequency of each 
SAW device. Besides, a table 5 shows the normalized film 
thickness h/(2Xp) of the S102 film of each device, the 
electro-mechanical coupling coefficient and the temperature 
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characteristics . 



(Table 5) 





\/ (2X p) 


k 2 


Temperature 
Characteristics 




(%) 


(%) 


(ppm/K°) 


Comparative 
Example 11 


0.0 


1.1 


-41.2 


Embodiment 10 


10.0 


7.6 


-33.8 


Embodiment 11 


20.0 


5.9 


-19.5 


Embodiment 12 


30.0 


5.6 


1.4 



Fig. 23 shows that the greater the film thickness of 
the Si02 film becomes, the better the temperature 
characteristics become. Especially, if the normalized film 
thickness of the Si02 film becomes approximately 0.13 or 
above, the temperature characteristics also become -30 ppm/K 
or below, and further, become a zero temperature coefficient 
at about 30%. However, simultaneously. Fig. 22 shows the 
electro-mechanical coupling coefficient K2 becomes smaller. 
As the electro-mechanical coupling coefficient K2 becomes 
smaller, the steepness is increased. At the same time, when 
a ladder- type SAW filter is configured using this SAW device, 
its band width becomes narrower. In order to secure a filter 
band width necessary for a mobile-phone system which has 
been popular at present, preferably, the coupling coefficient 
should be some 6% or higher. In Fig. 22, in order to obtain 
a coupling coefficient of 6%, if the normalized film thickness 
of Si02 is approximately 20% or below, the coupling coefficient 
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becomes 5% or less when the film thickness of the Si02 film 
becomes about 35% or higher. Hence, it is extremely difficult 
to secure the band width of the filter. On the other hand, 
the electro-mechanical coupling coefficient is too great, 
the steepness is lost, even though the band width becomes 
larger. Therefore, a passing band cannot be adequately shifted 
to an attenuation band between the transmission band and 
the reception band. Thus, a disadvantage arises in that adequate 
suppression cannot be obtained in the attenuation band, or 
a loss becomes greater in the passing band. Besides, taking 
the temperature coefficient into account, the transition 
region from the passing band to the attenuation band which 
is allowed for filter characteristics needs to be equal to, 
or less than, (the frequency gap between the transmission 
band and the reception band - a drift frequency width by 
temperature). Hence, considering Fig. 22 and Fig. 23, it 
is preferable that the film thickness of the Si02 film be 
greater than the case where the film thickness of the Si02 
film is 13% in which the electro-mechanical coupling 
coefficient is approximately 7% and the temperature 
characteristic is -30 ppm/ ° K. Therefore, from the above 
described results, the inventors have confirmed that good 
temperature characteristics and electrical properties can 
be obtained, if Si02 is used as the protective film, and 
the thickness t of the protective film which is defined as 
the height from the surface of the substrate to the concave 
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portion of the protective film meets the condition of, 
13%^t/(2Xp)^35%, 
(Seventh Embodiment) 

Hereinafter, electronic equipment according to a 
seventh embodiment of the present invention will be described 
with reference to the drawings. 

In this embodiment, a mobile telephone is described 
as an example of the electronic equipment . 

Fig. 24A is a schematic perspective view of the mobile 
telephone according to the seventh embodiment of the present 
invention. Fig. 24B is an electric-circuit diagram, showing 
the main part inside of the same. 

As shown in the figure, the mobile telephone according 
to this seventh embodiment includes an antenna 121, and an 
antenna shared device 122 which is connected to this antenna 
121. This antenna shared device 122 is configured by a 
transmission SAW filter 122a, a reception SAW filter 122b, 
and a phase shifter 122c. 

In the transmission SAW filter 122a and the reception 
SAW filter 122b according to this seventh embodiment, the 
SAW device described in the third embodiment is used. 

Fig. 25A shows the electrical characteristics of the 
SAW filter 122a which are measured at each temperature of 

-35t:, 25^:, +85t:. 

In addition, for its comparison. Fig. 25B shows the 
electrical characteristics of an SAW filter which has the 
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same frequency band as the SAW filter 122a and where no Si02 
film is formed, which are measured at each temperature of 
-35*C , 25*C , +85T; . Besides , Fig • 25A and Fig . 25B show, using 
hatching, a transmission band 131 and a reception band 132 
in a mobile-phone system which is adopted as an example of 
this seventh embodiment. In this mobile-phone system, within 
a temperature range of -35^0 to +85 °C, in the case of a 
transmission filter, an insertion loss of -3.5 dB or below 
is required in the transmission band, and a suppression level 
of -42 dB or above is required in the reception band. 

If Fig. 25A is compared with Fig. 25B, the filter with 
the characteristic of Fig. 25A in which the SAW device described 
in the third embodiment is used, has a steep filter 
characteristic. In addition, a frequency drift is not caused 
so much by a change in temperature. Therefore, within a 
temperature range of -35*0 to +85'C which is the performance 
required for this mobile-phone system, an insertion loss 
of -3.5 dB or below is realized in the transmission band, 
and a suppression level of -42 dB or above is realized in 
the reception band. In contrast, the filter with the 
characteristic of Fig. 25A in which no Si02 film is formed 
cannot realize a steep characteristic. Even at a room 
temperature, the requirements cannot be met, and in addition, 
a frequency drift by temperature is large so that the 
characteristics cannot be satisfied within a temperature 
range of -35*C to +85*C . 
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In the mobile telephone where the SAW device described 
in the first embodiment is used for the transmission SAW 
filter 12 2a and the reception SAW filter 122b, in the same 
way, the inventors also measure its sensibility under an 
environment of -35T!^ to +85*C . They have confirmed that even 
if the temperature changes, there is little change in the 
sensibility . 

( Eighth Embodiment ) 

Fig. 26 is a sectional view of an SAW device according 
to an eighth embodiment of the present invention. Its top 
view is identical to Fig. lA. 

As shown in Fig. lA and Fig. 26, the SAW device according 
to this eighth embodiment includes a comb- type electrode 
2 on the upper surface of a substrate 1, a reflector 3 on 
both sides of this comb-type electrode 2, and a protective 
film 4 which covers at least these comb-type electrode 2 
and reflector 3. In addition, the comb- type electrode 2 is 
provided with a pad 5 for taking out an electric signal which 
is electrically connected to the comb- type electrode . Thereby, 
the SAW device is configured. 

The substrate 1 is made of lithium tantalate which 
is cut out of a Y-sheet that is turned by several degrees 
around the X-axis in the Z-axis direction. It is a 36° YLT 
substrate which is obtained at a turning angle of 36° . 

The comb -type electrode 2 is made of aluminum 
(hereinafter, referred to as "Al"), or an aluminum alloy. 
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The protective film 4 is preferably made of silicon 
dioxide (hereinafter, referred to as "Si02"), or an aluminum 
alloy. As shown in Fig. 26, an uneven shape is formed at 
its upper surface. A convex portion 4a of the protective 
film 4 is provided, over the part where the comb- type electrode 
2 is disposed on the upper surface of the substrate 1, and 
in its vicinity. On the other hand, a concave portion 4b 
of the protective film 4 is provided, in the part where no 
comb-type electrode 2 is disposed on the upper surface of 
the substrate 1 between the convex portions 4a. 

Herein, the height from the surface of the substrate 

1 which is in contact with the protective film 4 to the top 
part of the convex portion 4a of the protective film 4 is 
t, the height from the surface of the subistrate 1 which is 
in contact with the protective film 4 to the bottom part 
of the concave portion 4b of the protective film 4 is tl, 
and the height (t-tl) from the bottom part of the concave 
portion 4b of the protective film 4 to the top part of the 
convex portion 4a of the protective film 4 is t2. 

In addition, the height of the comb- type electrode 

2 from the surface of the substrate 1 which is in contact 
with the protective film 4 to the top part of an electrode 
finger 2a is h. 

Besides, one convex portion 4a and one concave portion 
4b of the protective film 4 are one pitch, the pitch width 
of one pitch is L, the width of the top part of the convex 
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portion 4a of the protective film 4 is LI, and the width 
of the bottom part of the concave portion 4b of the protective 
film 4 is L2. Further, in the same way as one pitch of the 
protective film 4, the width of one pitch of the comb-type 
electrode 2 from one electrode finger 2a of the comb-type 
electrode 2 to the part in which the adjacent electrode finger 
2a is disposed on one side is p. 

Moreover, the width of each electrode finger is pi, 
the width between the adjacent electrode fingers is p2 (herein , 
p=pl+p2 is satisfied) • 

In addition, the ratio (L-L2)/l of {L-L2) to the pitch 
width L is 77 ' and the ratio pl/p of the width pi of each 
electrode finger to the width p of one pitch of the comb-type 
electrode 2 is V • 

According to the eighth embodiment of the present 
invention, the following correlation is satisfied, 

h^t2 

(herein, the correlations of 7} ' -0 . 3< 7? ^ 77 ' , L%p, pl+p2^p 
and Ll>pl are satisfied) • 

Herein, as described above, the 36° YLT is used in 
the substrate 1. However, the same advantage can be obtained, 
if this substrate 1 is LT which is cut out of a Y-sheet that 
is turned by D° around the X-axis in the Z-axis direction, 
and the D° YLT substrate is used for which the rotational 
angle d"* is, 

38° . 
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A creation method for the SAW device according to this 
eighth embodiment is the same as that shown in Fig. 2A to 
Fig. 2H, and thus, its description is omitted. 

Herein, the inventors have discovered that in terms 
of the above described SAW-device creation, in this eighth 
embodiment, the necessary protective-film shape can be 
relatively easily obtained, if the correlation between the 
height h of the comb- type electrode 2 and the pitch width 
p of one pitch of the comb- type electrode 2 is, 

h/(2Xp)^0.05. 

With respect to the SAW device which is created as 
described above, electrical characteristics are examined. 
As a result, the inventors have confirmed that good 
characteristics can be obtained. 

In addition, the inventors also examine temperature 
characteristics. Consequently, they have also confirmed that 
good temperature characteristics can be obtained, if Si02 
is used as the protective film, and the height tl from the 
surface of the substrate to the concave portion of the 
protective film meets the condition of, 

18%^tl/(2Xp) ^35%. 

( Ninth Embodiment ) 

Hereinafter, an SAW device according to a ninth 
embodiment of the present invention will be described with 
reference to the drawings . 

In this ninth embodiment, the same SAW device is used 
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as the SAW device which is used in the eighth embodiment. 
Fig. 2 7 is a sectional view of the SAW device according to 
the ninth embodiment of the present invention. In this figure, 
the same configurations as those of Fig. 26 which is used 
in the eighth embodiment are given the identical numeral 
and character, and thus, their description is omitted. 

In Fig. 27, the protective film 234 is preferably made 
of Si02 . As shown in Fig. 27, an uneven shape is formed at 
its upper surface. A convex portion 234a of the protective 
film 234 is provided, over the part where the comb-type 
electrode 2 is disposed on the upper surface of the substrate 
1, and in its vicinity. On the other hand, a concave portion 
234b of the protective film 234 is provided, in the part 
where no comb- type electrode 2 is disposed on the upper surface 
of the substrate 1 between the convex portions 234a. Herein, 
one convex portion 234a and one concave portion 234b of the 
protective film 234 are one pitch, the pitch width of one 
pitch is L, the width of the top part of the convex portion 
234a of the protective film 234 is LI, and the width of the 
bottom part of the concave portion 234b of the protective 
film 234 is L2. The ratio (L-L2)/l of (L-L2) to the pitch 
width L is 7? ' . Furthermore, the height from the surface of 
the substrate 1 which is in contact with the protective film 
234 to the top part of the convex portion 234a of the protective 
film 234 is t, the height from the surface of the substrate 
1 which is in contact with the protective film 234 to the 
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bottom part of the concave portion 234b of the protective 
film 234 is tl, and the height (t-tl) from the bottom part 
of the concave portion 23 4b of the protective film 234 to 
the top part of the convex portion 4a of the protective film 
234 is t2. 

This ninth embodiment is different from Fig. 26 of 
the eighth embodiment, in the following respect. In Fig. 
26 of the eighth embodiment, the shape of the convex portion 
4a of the protective film 4 is nearly square and its corner 
is roughly 90"^ . In contrast, in Fig. 27 of this ninth embodiment , 
the shape of the convex portion 234a of the protective film 
234 is rounded at its corner. 

According to the ninth embodiment of the present 
invention, the following correlation is satisfied, 

h^t2 

(herein, the correlations of 77 ' -0 . 3<! 7? ^ 77 ' , L^p, pl+p2^p 
and Ll>pl are satisfied). In addition, the following 
correlations are also satisfied, 
L1+L2<L and L2<p2. 

A creation method for the SAW device according to this 
ninth embodiment is the same as that described in the eighth 
embodiment, and thus, its description is omitted. 

Herein, the inventors have discovered that in terms 
of the above described SAW-device creation, even in this 
ninth embodiment, the necessary protective-film shape can 
be relatively easily obtained, if the correlation between 
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the height of the comb- type electrode 2 and the pitch width 
p of one pitch of the comb-type electrode 2 is, 
h/(2Xp)^0.05. 

With respect to the SAW device which is configured 
as described above, electrical characteristics are examined. 
As a result, the inventors have confirmed that good 
characteristics can be obtained. In addition, the inventors 
also examine temperature characteristics. Consequently, they 
have also confirmed that good temperature characteristics 
can be obtained, if Si02 is used as the protective film, 
and the height tl from the surface of the substrate to the 
concave portion of the protective film meets the condition 
of, 

18%^tl/{2Xp)^35%. 
( Tenth Embodiment ) 

Hereinafter, an SAW device according to a tenth 
embodiment of the present invention will be described with 
reference to the drawings. 

In this tenth embodiment, the same SAW device is used 
as the SAW device which is used in the eighth embodiment. 
Fig. 28 is a sectional view of the SAW device according to 
the tenth embodiment of the present invention. In this figure, 
the same configurations as those of Fig. 26 which is used 
in the eighth embodiment are given the identical numeral 
and character, and thus, their description is omitted. 

In Fig. 28, the protective film 44 is preferably made 
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of Si02 . As shown in Fig. 28, an uneven shape is formed at 
its upper surface. A convex portion 244a of the protective 
film 2 44 is provided, over the part where the comb- type 
electrode 2 is disposed on the upper surface of the substrate 
1, and in its vicinity. On the other hand, a concave portion 
244b of the protective film 244 is provided, in the part 
where no comb- type electrode 2 is disposed on the upper surface 
of the substrate 1 between the convex portions 244a. Herein, 
one convex portion 244a and one concave portion 244b of the 
protective film 244 are one pitch, the pitch width of one 
pitch is L, the width of the top part of the convex portion 
244a of the protective film 244 is LI, and the width of the 
bottom part of the concave portion 244b of the protective 
film 244 is L2. The ratio (L-L2)/l of (L-L2) to the pitch 
width L is 7] ' . Furthermore, the height from the surface of 
the substrate 1 which is in contact with the protective film 
244 to the top part of the convex portion 244a of the protective 
film 244 is t, the height from the surface of the substrate 
1 which is in contact with the protective film 244 to the 
bottom part of the concave portion 44b of the protective 
film 44 is tl, and the height (t^tl) from the bottom part 
of the concave portion 44b of the protective film 44 to the 
top part of the convex portion 44a is t2. 

This tenth embodiment is different from Fig. 26 of 
the eighth embodiment, in the following respect. In Fig. 
26 of the eighth embodiment, the width LI of the top part 
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Of the convex portion 4a of the protective film 4 is greater 
than the width pi of the electrode 2a. Therefore, the convex 
portion 4a of the protective f ilm 4 is located over the electrode. 
2a and in its vicinity. In contrast, in this tenth embodiment, 
the width LI of the top part of the convex portion 244a of 
the protective film 244 is narrower than the width pi of 
the electrode 2a. 

According to the tenth embodiment of the present 
invention, the following correlation is satisfied, 

h^ t2 

(herein, the correlations of L1+L2<L, L2<p2, Ll^pl, L^p 
and pl+p2^p are satisfied) . 

A creation method for the SAW device according to this 
tenth embodiment is the same as that described in the eighth 
embodiment, and thus, its description is omitted. 

Herein, the inventors have discovered that in terms 
of the above described SAW-device creation, even in this 
tenth embodiment, the necessary protective-film shape can 
be relatively easily obtained, if the correlation between 
the height of the comb- type electrode 2 and the pitch width 
p of one pitch of the comb- type electrode 2 is, 

h/(2Xp)^0.05. 

With respect to the SAW device which is configured 
as described above, electrical characteristics are examined. 
As a result, the inventors have confirmed that good 
characteristics can be obtained. In addition, the inventors 
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also examine temperature characteristics. Consequently, they 
have also confirmed that good temperatul^e characteristics 
can be obtained, if Si02 is used as the protective film, 
and the height tl from the surface of the substrate to the 
concave portion of the protective film meets the condition 
of, 

18%^tl/{2Xp)^35%. 
( Eleventh Embodiment ) 

Hereinafter, an SAW device according to an eleventh 
embodiment of the present invention will be described with 
reference to the drawings. 

In this eleventh embodiment, the same SAW device is 
used as the SAW device which is used in the eighth embodiment. 
Fig. 29 is a sectional view of the SAW device according to 
the eleventh embodiment of the present invention. In this 
figure, the same configurations as those of Fig. 26 which 
is used in the eighth embodiment are given the identical 
numeral and character, and thus, their description is omitted. 

In Fig. 29, a protective film 254 is preferably made 
of Si02 . As shown in Fig. 29, an uneven shape is formed at 
its upper surface. A convex portion 254a of the protective 
film 254 is provided, over the part where the comb- type 
electrode 2 is disposed on the upper surface of the substrate 
1, and in its vicinity. On the other hand, a concave portion 
254b of the protective film 254 is provided, in the part 
where no comb- type electrode 2 is disposed on the upper surface 
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of the substrate 1 between the convex portions 254a. Herein, 
one convex portion 254a and one concave portion 254b of the 
protective film 254 are one pitch, the pitch width of one 
pitch is L, the width of the top part of the convex portion 
254a of the protective film 254 is LI, and the width of the 
bottom part of the concave portion 254b of the protective 
film 254 is L2. The ratio {L-L2)/l of (L-L2) to the pitch 
width L is 77 ' . Furthermore, the height from the surface of 
the substrate 1 which is in contact with the protective film 
254 to the top part of the convex portion 254a of the protective 
film 254 is t, the height from the surface of the substrate 
1 which is in contact with the protective film 2 54 to the 
bottom part of the concave portion 254b of the protective 
film 254 is tl, and the height (t-tl) from the bottom part 
of the concave portion 254b of the protective film 254 to 
the top part of the convex portion 254a is t2. 

This eleventh embodiment is different from Fig. 26 
of the eighth embodiment, in the following respect. In Fig. 
26 of the eighth embodiment, the height t2 from the bottom 
part of the concave portion 4b of the protective film 4 to 
the top part of the convex portion 4a is equal to, or more 
than, the height h of the comb- type electrode 2. In contrast, 
in Fig. 2 9 of this eleventh embodiment, the height t2 from 
the bottom part of the concave portion 254b of the protective 
film 254 to the top part of the convex portion 254a is below 
the height h of the comb-type electrode 2. 
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According to the eleventh embodiment of the present 
invention, the following correlation is satisfied, 
0<t2<h 

(herein, the correlations of V '-0.3<77 ^ 7j ' , L%p, pl+p2=^p 
and Ll>pl are satisfied) . 

Herein, in this eleventh embodiment, taking 
characteristics into account, it is preferable that the 
correlation between the height h of the comb-type electrode 
and the pitch width p of one pitch of this comb-type electrode 
be , 

0.05^h/{2Xp) . 

A creation method for the SAW device according to this 
eleventh embodiment is the same as that described in the 
eighth embodiment, and thus, its description is omitted. 

With respect to the SAW device which is configured 
as described above, electrical characteristics are examined. 
As a result, the inventors have confirmed that good 
characteristics can be obtained. In addition, the inventors 
also examine temperature characteristics. Consequently, they 
have also confirmed that good temperature characteristics 
can be obtained, if Si02 is used as the protective film, 
and the height tl from the surface of the substrate to the 
concave portion of the protective film meets the condition 
of, 

18%^tl/(2Xp)^35%. 
(Twelfth Embodiment) 
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Hereinafter, an SAW device according to a twelfth 
embodiment of the present invention will be described with 
reference to the drawings. 

In this twelfth embodiment, the same SAW device is 
used as the SAW device which is used in the eighth embodiment . 
Fig. 30 is a sectional view of the SAW device according to 
the twelfth embodiment of the present invention. In this 
figure, the same configurations as those of Fig. 26 which 
is used in the eighth embodiment are given the identical 
numeral and character , and thus , their description is omitted. 

In Fig. 30, a protective film 264 is preferably made 
of Si02 . As shown in Fig. 30, an uneven shape is formed at 
its upper surface. A convex portion 264a of the protective 
film 264 is provided^ over the part where the comb-type 
electrode 2 is disposed on the upper surface of the substrate 
1, and in its vicinity. On the other hand, a concave portion 
264b of the protective film 264 is provided, in the part 
where no comb-type electrode 2 is disposed on the upper surface 
of the substrate 1 between the convex portions 264a. Herein, 
one convex portion 264a and one concave portion 264b of the 
protective film 64 are one pitch, the pitch width of one 
pitch is L, the width of the top part of the convex portion 
264a of the protective film 264 is LI, and the width of the 
bottom part of the concave portion 264b of the protective 
film 264 is L2 . The ratio (L-L2)/l of (L-L2) to the pitch 
width L is V ' . Furthermore, the height from the surface of 
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the substrate 1 which is in contact with the protective film 
264 to the top part of the convex portion 264a of the protective 
film 264 is t, the height from the surface of the substrate 
1 which is in contact with the protective film 264 to the 
bottom part of the concave portion 264b of the protective 
film 264 is tl, and the height (t-tl) from the bottom part 
of the concave portion 264b of the protective film 264 to 
the top part of the convex portion 264a is t2. 

This twelfth embodiment is different from Fig. 26 of 
the eighth embodiment, in the following respect. In Fig. 
26 of the eighth embodiment, the shape of the convex portion 
4a of the protective film 4 is nearly square and its corner 
is roughly 90"". In contrast, in Fig. 30 of this twelfth 
embodiment, the shape of the convex portion 264a of the 
protective film 264 is rounded at its corner. Furthermore, 
in Fig. 26 of the eighth embodiment, the height t2 from the 
bottom part of the concave portion 4b of the protective film 
4 to the top part of the convex portion 4a is equal to, or 
more than, the height h of the comb- type electrode 2. In 
contrast, in Fig. 30 of this twelfth embodiment, the height 
t2 from the bottom part of the concave portion 264b of the 
protective film 264 to the top part of the convex portion 
264a is below the height h of the comb-type electrode 2. 

According to the twelfth embodiment of the present 
invention, the following correlation is satisfied, 

0<h<t2 
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(herein, the correlations of V '-0.3<7]^7j L=^p, pl+p2=^p 
and Ll>pl are satisfied). In addition, the following 
correlations are also satisfied, 
L1+L2<L and L2<p2 . 

Herein, even in this twelfth embodiment, taking 
characteristics into account, it is preferable that the 
correlation between the height h of the comb-type electrode 
and the pitch width p of one pitch of this comb- type electrode 
be , 

0.05^h/(2Xp) . 

A creation method for the SAW device according to this 
twelfth embodiment is the same as that described in the eighth 
embodiment, and thus, its description is omitted. 

With respect to the SAW device which is configured 
as described above, electrical characteristics are examined. 
As a result, the inventors have confirmed that good 
characteristics can be obtained. 

In addition, the inventors also examine temperature 
characteristics. Consequently, they have also confirmed that 
good temperature characteristics can be obtained, if Si02 
is used as the protective film, and the height tl from the 
surface of the substrate to the concave portion of the 
protective film meets the condition of, 

18%^tl/{2Xp)^35%. 

(Thirteenth Embodiment) 

Hereinafter, an SAW device according to a thirteenth 



71 



P1329US 

embodiment of the present invention will be described with 
reference to the drawings. 

In this thirteenth embodiment, the same SAW device 
is used as the SAW device which is used in the eighth embodiment . 
Fig. 31 is a sectional view of the SAW device according to 
the thirteenth embodiment of the present invention. In this 
figure, the same configurations as those of Fig. 26 which 
is used in the eighth embodiment are given the identical 
numeral and character, and thus , their description is omitted. 

In Fig. 31, a protective film 274 is preferably made 
of Si02. As shown in Fig. 31, an uneven shape is formed at 
its upper surface. A convex portion 274a of the protective 
film 274 is provided, over the part where the comb-type 
electrode 2 is disposed on the upper surface of the substrate 
1, and in its vicinity. On the other hand, a concave portion 
274b of the protective film 274 is provided, in the part 
where no comb- type electrode 2 is disposed on the upper surface 
of the substrate 1 between the convex portions 274a. Herein, 
one convex portion 274a and one concave portion 274b of the 
protective film 274 are one pitch, the pitch width of one 
pitch is L, the width of the top part of the convex portion 
274a of the protective film 274 is LI, and the width of the 
bottom part of the concave portion 274b of the protective 
film 74 is L2 . The ratio (L-L2)/l of (L-L2) to the pitch width 
L is r? ' . Furthermore, the height from the surface of the 
substrate 1 which is in contact with the protective film 
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274 to the top part of the convex portion 274a of the protective 
film 274 is t, the height from the surface of the substrate 
1 which is in contact with the protective film 2 74 to the 
bottom part of the concave portion 274b of the protective 
film 274 is tl, and the height (t-tl) from the bottom part 
of the concave portion 274b of the protective film 274 to 
the top part of the convex portion 274a is t2. 

This thirteenth embodiment is different from Fig. 26 
of the eighth embodiment, in the following respect. In Fig. 
26 of the eighth embodiment, the width LI of the top part 
of the convex portion 4a of the protective film 4 is greater 
than the width pi of the electrode 2a. Therefore, the convex 
portion 4a of the protective film 4 is located over the electrode 
2a and in its vicinity. In contrast, in this thirteenth 
embodiment, the width LI of the top part of the convex portion 
274a of the protective film 274 is narrower than the width 
pi of the electrode 2a. Further, in Fig. 26 of the eighth 
embodiment, the height t2 from the bottom part of the concave 
portion 4b of the protective film 4 to the top part of the 
convex portion 4a is equal to, or more than, the height h 
of the comb- type electrode 2. In contrast, in Fig. 31 of 
this thirteenth embodiment, the height t2 from the bottom 
part of the concave portion 274b of the protective film 274 
to the top part of the convex portion 274a is below the height 
h of the comb-type electrode 2. 

According to the thirteenth embodiment of the present 
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Invention, the following correlation is satisfied, 
0<t2<h 

(herein, the correlations of L1+L2<L, L2<p2, Ll^pl, L%p 
and pl+p2 ^ p are satisfied). In addition, the following 
correlations are also satisfied, 
L1+L2<L and L2<p2 . 

Herein, even in this thirteenth embodiment, taking 
characteristics into account, it is preferable that the 
correlation between the height h of the comb-type electrode 
and the pitch width p of one pitch of this comb-type electrode 
be , 

0.05^h/(2Xp) . 

A creation method for the SAW device according to this 
thirteenth embodiment is the same as that described in the 
eighth embodiment, and thus, its description is omitted. 

With respect to the SAW device which is configured 
as described above, electrical characteristics are examined. 
As a result, the inventors have confirmed that good 
characteristics can be obtained. 

In addition, the inventors also examine temperature 
characteristics. Consequently, they have also confirmed that 
good temperature characteristics can be obtained, if Si02 
is used as the protective film, and the height t from the 
surface of the substrate to the concave portion of the 
protective film meets the condition of, 

18%^t/(2Xp)^35%. 
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Herein, any of the SAW devices described as the eighth 
to thirteenth embodiments can be used for the transmission 
SAW filter 122a and the reception SAW filter 122b which are 
shown in Fig. 24B. In the mobile telephone which is configured 
in this way, the inventors measure its sensibility under 
an environment of -25*0 to SS^C . They have confirmed that 
even if the temperature changes, there is little change in 
the sensibility. 

(Fourteenth Embodiment) 

Fig. 32 is a sectional view of an SAW device according 
to a fourteenth embodiment of the present invention. Its 
top view is identical to Fig. lA. 

As shown in Fig. lA and Fig. 32, the SAW device according 
to this fourteenth embodiment includes a comb- type electrode 
2 on the upper surface of a substrate 1, a reflector 3 on 
both sides of this comb- type electrode 2, and a protective 
film 4 which covers at least these comb- type electrode 2 
and reflector 3. In addition, the comb- type electrode 2 is 
provided with a pad 5 for taking out an electric signal which 
is electrically connected to the comb- type electrode 2 . Thereby, 
the SAW device is configured. 

The substrate 1 is made of lithium tantalate which 
is cut out of a Y- sheet that is turned by several degrees 
around the X-axis in the Z-axis direction. It is a 36° YLT 
substrate which is obtained at a turning angle of 36° . 

The comb -type electrode 2 is made of aluminum 
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(hereinafter, referred to as "Al"), or an aluminum alloy. 

The protective film 4 is preferably made of silicon 
dioxide (hereinafter, referred to as "Si02"), or an aluminum 
alloy. As shown in Fig. 32, an uneven shape is formed at 
its top surface. A convex portion 4a of the protective film 
4 is provided, over the part where the comb- type electrode 
2 is disposed on the upper surface of the substrate 1, and 
in its vicinity. On the other hand, a concave portion 4b 
of the protective film 4 is provided in the part where no 
comb-type electrode 2 is disposed on the upper surface of 
the substrate 1 between the convex portions 4a. 

Herein, one convex portion 4a and one concave portion 
4b of the protective film 4 are one pitch, the pitch width 
of one pitch is L, the width of the top part of the convex 
portion 4a of the protective film 4 is LI, and the width 
of the bottom part of the concave portion 4b of the protective 
film 4 is L2. Further, in the same way as one pitch of the 
protective film 4, the width of one pitch of the comb-type 
electrode 2 from one electrode finger 2a of the comb-type 
electrode 2 to the part in which the adjacent electrode finger 
2a is disposed on one side is p. Moreover, the width of each 
electrode finger is pi , the width between the adjacent electrode 
fingers is p2 (herein, p=pl+p2 is satisfied). 

In addition , the height from the surface of the substrate 
1 which is in contact with the protective film 4 to the bottom 
part of the concave portion 4b of the protective film 4 is 
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the thickness t of the protective film 4, 

Furthermore, the ratio (L-L2)/l of (L-L2) to the pitch 
width L is 77 ' and the ratio pl/p of the width pi of each 
electrode finger to the width p of one pitch of the comb-type 
electrode 2 is 7? . 

According to the fourteenth embodiment of the present 
invention, the following correlation is satisfied, 
r? '-0.3<77 ^ 77 ' 

(herein, the correlations of L^p, pl+p2^p and Ll>pl are 
satisfied) . 

Herein, as described above, the 36*^ YLT is used in 
the substrate 1. However, the same advantage can be obtained, 
if this substrate 1 is LT which is cut out of a Y-sheet that 
is turned by D*" around the X-axis in the Z-axis direction, 
and the D° YLT substrate is used for which the rotational 
angle d"" is, 

38° . 

A creation method for the SAW device according to this 
fourteenth embodiment is the same as that shown in Fig. 2A 
to Fig. 2H, and thus, its description is omitted. 

With respect to the SAW device which is created as 
described above , electrical characteristics (i.e., resonator 
characteristics) are efxamined. As a result, the inventors 
have confirmed that good characteristics can be obtained. 

In addition, the inventors also examine temperature 
characteristics. Consequently, they have also confirmed that 
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good temperature characteristics can be obtained, if Si02 
is used as the protective film, and the thickness t of the 
protective film which is defined as the height from the surface 
of the substrate to the concave portion of the protective 
film meets the condition of, 

[18%^t/(2Xp)^35%] . 

( Fifteenth Embodiment ) 

Hereinafter, an SAW device according to a fifteenth 
embodiment of the present invention will be described with 
reference to the drawings. 

In this fifteenth embodiment, the same SAW device is 
used as the SAW device of the fourteenth embodiment. Fig. 
33 is a sectional view of the SAW device according to the 
fifteenth embodiment of the present invention. In this figure, 
the same configurations as those of Fig. 32 which is used 
in the fourteenth embodiment are given the identical numeral 
and character, and thus, their description is omitted. 

In Fig. 33, a protective film 334 is preferably made 
of silicon dioxide (hereinafter, referred to as "Si02"). 
As shown in Fig. 33, an uneven shape is formed at its upper 
surface. A convex portion 334a of the protective film 334 
is provided, over the part where the comb- type electrode 
2 is disposed on the upper surface of the substrate 1, and 
in its vicinity. On the other hand, a concave portion 334b 
of the protective film 334 is provided, in the part where 
no comb-type electrode 2 is disposed on the upper surface 
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of the substrate 1 between the convex portions 334a. Herein, 
one convex portion 334a and one concave portion 334b of the 
protective film 334 are one pitch, the pitch width of one 
pitch is L, the width of the top part of the convex portion 
334a of the protective film 334 is LI, and the width of the 
bottom part of the concave portion 334b of the protective 
film 334 is L2 . 

This fifteenth embodiment is different from the 
fourteenth embodiment shown in Fig. 32, in the following 
respect. In Fig. 32 of the fourteenth embodiment, the shape 
of the convex portion 4a of the protective film 4 is nearly 
square and its corner is roughly 90° . In contrast, in the 
fifteenth embodiment of the present invention, the shape 
of the convex portion 334a of the protective film 334 is 
rounded at its corner. 

According to the fifteenth embodiment of the present 
invention, the following correlation is satisfied, 

7? . 3<T7 ^ 7? ' 

(herein, the correlations of L=^p, pl+p2=^p and Ll>pl are 
satisfied). In addition, the following correlations are also 
satisfied, 

L1+L2<L and L2<p2. 

A creation method for the SAW device according to this 
fifteenth embodiment is the same as that described in the 
fourteenth embodiment, and thus, its description is omitted. 

With respect to the SAW device which is configured 
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as described above, electrical characteristics (i.e., 
resonator characteristics) are examined. As a result, the 
inventors have confirmed that good characteristics can be 
obtained. In addition, the inventors also examine temperature 
characteristics. Consequently, they have also confirmed that 
good temperature characteristics can be obtained, if Si02 
is used as the protective film, and the height t from the 
surface of the substrate to the concave portion of the 
protective film meets the condition of, 

18%^t/{2Xp)^35%. 

(Sixteenth Embodiment) 

Hereinafter, an SAW device according to a sixteenth 
embodiment of the present invention will be described with 
reference to the drawings. 

In this sixteenth embodiment, the same SAW device is 
used as the SAW device of the fourteenth embodiment. Fig. 
34 is a sectional view of the SAW device according to the 
sixteenth embodiment of the present invention. In this figure, 
the same configurations as those of Fig. 32 which is used 
in the fourteenth embodiment are given the identical numeral 
and character, and thus, their description is omitted. 

In Fig. 34, a protective film 344 (or reference numeral 
4 in Fig. 32) is preferably made of Si02 . As shown in Fig. 
34, an uneven shape is formed at its upper surface. A convex 
portion 344a of the protective film 344 is provided, over 
thie part where the electrode finger 2a is disposed on the 
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upper surface of the substrate 1, and in its vicinity. On 
the other hand, a concave portion 344b of the protective 
film 44 is provided, in the part where no comb-type electrode 
2 is disposed on the upper surface of the substrate 1 between 
the convex portions 344a. Herein, one convex portion 344a 
and one concave portion 344b of the protective film 344 are 
one pitch, the pitch width of one pitch is L, the width of 
the top part of the convex portion 344a of the protective 
film 344 is LI, and the width of the bottom part of the concave 
portion 344b of the protective film 344 is L2. 

This sixteenth embodiment is different from the 
fourteenth embodiment shown in Fig. 32, in the following 
respect. In Fig. 32 of the fourteenth embodiment, the width 
LI of the top part of the convex portion 4a of the protective 
film 4 is greater than the width pi of the electrode finger 
2a. Therefore, the convex portion 4a of the protective film 
4 is located over the electrode finger 2a and in its vicinity. 
In contrast, in this sixteenth embodiment, the width LI of 
the top part of the convex portion 344a of the protective 
film 344 is narrower than the width pi of the electrode finger 
2a. 

According to the sixteenth embodiment of the present 
invention, the following correlations need to be satisfied, 

L1+L2<L, L2<p2, and Ll^pl 
(herein, the correlations of L^p and pl+p2^p are satisfied) . 

A creation method for the SAW device according to this 
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sixteenth embodiment is the same as that described in the 
fourteenth embodiment, and thus, its description is omitted. 

With respect to the SAW device which is configured 
as described above, electrical characteristics (i.e., 
resonator characteristics) are examined. As a result, the 
inventors have confirmed that good characteristics can be 
obtained. In addition, the inventors also examine temperature 
characteristics. Consequently, they have also confirmed that 
good temperature characteristics can be obtained, if Si02 
is used as the protective film, and the height t from the 
surface of the substrate to the concave portion of the 
protective film meets the condition of, 

18%^t/(2Xp)^35%. 

Herein, any of the SAW devices described as the 
fourteenth to sixteenth embodiments can be used for the 
transmission SAW filter 122a and the reception SAW filter 
122b which are shown in Fig. 24B. In the mobile telephone 
which is configured in this way, the inventors measure its 
sensibility under an environment of -25'C to 85*C . They have 
confirmed that even if the temperature changes, there is 
little change in the sensibility. 

The present invention is described in detail, but the 
above described description is illustrations in all aspects. 
The present invention is not limited to those. Numerous 
variations which are not illustrated can be expected without 
departing from the scope of the present invention. 
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(How to decide the widths LI, L2) 

Herein, in the embodiments 1 to 12 and the comparative 
examples 1 to 11, the method of determining the width LI 
of the convex portion of the protective film and the width 
L2 of the concave portion is described. With respect to the 
sectional shape of the SAW device, the surface of the SAW 
device is coated with metal, then the electrode is cut off 
using an FIB (or focused ion beam) in the propagation direction 
of the SAW, next it is observed using an electron microscope 
(or SEM) as shown in Fig. 15A to Fig. 15E or the like, and 
as a result, the shape is specified. Herein, for example, 
as can be seen from the sectional shape of the electrode 
shown in Fig. 35A, in the case where a top part 141 of the 
convex portion of the protective film 4 of Si02 is substantially 
a point, and it is curved and rounded to the bottom part 
from the top part 141 of the convex portion so that the boundary 
between the width LI and the width L2 is unclear, as shown 
in Fig. 35B, the side near the top part 141 of the convex 
portion from the bottom part to the top part is approximated 
using a curved line 142, an intersection point 145 between 
a tangential line 143 in the top part 141 of the convex portion 
of the curved line and a straight line 144 which connects 
the bottom portions of the adjacent protective films 4 is 
defined as the boundary between the width LI and the width 
L2. 
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Industrial Applicability 

The present invention realizes an electronic part and 
electronic equipment which are excellent in temperature 
characteristics and electrical properties can be obtained 
by forming a protective film so that it covers an electrode 
that is formed on a substrate and setting the shape or thickness 
of the protective film within a specific range. It is 
industrially useful. 
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